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SOME COMMON INDIAN BIRDS. 


No. 25. the green BARBET (THEREIQERYX ZEYLANICUS). 

BY 

T. BAINBRIGGE FLETCHER, R.N., F.L.S., F.E.S., F.Z.S., 
Imperial Entomologist ; 

AND 

C. M. INGLIS, M.B.O.U., F.E.S., F.Z.S. 

Although common enough where it occurs, the Green Barbet 
is not found in the less wooded areas of the country, such as the 
Punjab and Sind, Rajputana and the more open parts of the Deccan 
and Carnatic. In areas where it does occur, however, it is sufficiently 
a common bird to merit inclusion in our list, especially as its call is 
probably more familiar than its personal appearance. It is a 
thick-set bird, about as large as a mynah, with a thick, heavy bill, 
in colour of a bright leaf-green vuth a brownish head and a bare 
brown patch around the eye ; but, as it always keeps near the 
tree-tops, it is less often seen than heard. Sometimes it may be 
seen on the wing, when its flight is strong but rather heavy and 
undulating. Its call is loud and monotonous, but by no means 
harsh or discordant, and is usually written tur-r-r~r, hutur, hjAur, 
kutur, the call being indicated in the various vernacular names, 
such as .SToi-wr (Hindustarn), Kuturga (Maliratti), ifoiorwn (Sinhalese) 
mA Kutur (Tamil). . The call often sounds much like the word 
Pa^mo, repeated severai times. 

Like most other birds, however, this Barbet is not confined to 
the use of a single note. In this Connection Stuart Baker, in his 
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“ Birds of North Cachar, ” writing about a very similar and closely 
allied bird, the Assam Lineated Barbet {TJiereiceryx lineatm 
hodgsoni) makes the following interesting remarks : “ I have heard 
this bird libelled as being a bird of one note ; now any one who* 
has listened to it carefully must admit that it has many. Whilst 
feeding, it has a large variety of sounds at its disposal. When 
pleased, it utters a sort of hoarse ‘chortle’; but, to make this 
sound, it seems to be necessary to be on the move, for it always 
utters it when hopping from one branch to another, or else it gives 
a little jerk into the air at the same time that it opens its mouth 
to give vent to its feelings. Displeasure, which seems to be caused 
chiefly by seeing other birds feeding with it, is expressed by a 
ridiculously feeble little sound like ‘ pench, pencil,’ the feebleness 
being made up for, to some extent, by the bird’s ferocious attitude 
as he advances, with drooping wings and mouth wide open, towards 
the object of his displeasure. The most unusual note is one it 
makes use of only in the cold weather, at which time these birds 
sometimes collect in small flocks, and only in the mornings and 
evenings, seemingly for the purpose of collecting any scattered 
individuals. It consists of a loud clear whistle, a most wild and 
penetrating sound, but at the same time rather musical than 
otherwise. It is an abnormal sort of a sound for a barbet to give 
utterence to and had I not followed up and shot some of these 
birds whilst actually whistling thus, I should never have imagined 
what had made the sound.” The Green Barbet may sometimes 
be heard calling at night, especially on moonlit nights. 

Like other Indian Barbets, this bird lives chiefly on fruit. 
The late Mr. C. W. Mason examined the stomachs of fi^fteen birds 
at Pusa and foimd nothing but wild fig fruits in them. It is very 
fond of Lauiana berries and helps to distribute the seeds of this 
noxious weed. This bird, however, has a curious habit of pulling 
‘t*5 bits of bark from trees, especially from dead branches, as if 
(Searching for insects, and Blanford states that it is said occasionally, 
though rarely, to eat insects. Insects, hovrever,, evidently form a 
very small part of its diet and from an economic point of view this 
,^ttd cannot be claimed as useful. 
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Blanford states that the characteristic “ call is heard from 
January or February till June,” and DeAvar also says that this is 
heard “ during the latter part of the cold weather and the early 
part of the hot weather.” Where the bird is common, howcA^er, the 
call may be heard throughout the year, although more persistently 
during the first half of the year. As I write these lines (8th 
November) a Green Barbet is calling at intervals in a nearby tree. 

Nesting takes place in a hole in a soft- wooded tree, usually 
in a dead branch or main stem, excavated by the bird itself, for 
which purpose its heavy bill seems well adapted. 

The nest-hole is rather small, about five inches in diameter, 
and the passage leading into it is about six inches to two feet long, 
about tAvo and a half inches in diameter, and very smoothly 
rounded off inside and bevelled off at the entrance, Avhich is 
often situated on the underside of a branch and AAdiich in any 
case is alAA'-ays so placed that it does not face upwards, thus 
aAmiding flooding of the nest-hole by rain. The nest is usually 
placed fairly high up in a tree, tAventy feet or more above the 
ground, but may occasionally be found loArer down. No regular 
nest is constructed, the eggs being placed on a feAv chips of wood 
in the nest-hole. 

In Bihar the nesting season is chiefly in March and April, but 
further North eggs may be found in Ma,y or even in June. The eggs, 
AA^hich are dull •Avhite,'and slightly glossy, measure about 30 by 
22 mm., and three or four eggs are usually laid. 

The Green Barbet is now divided into three subspecies, the 
typical form (T. zeylanious zeylanicus) being found in Ceylon and 
South TraA^ancore, the form found along the West coast of India 
from North Travancore to Bombay being T. z. imniatm, and that 
found in Northern India, from the extreme West to Western Bengal, 
being T. z. caniceps. It is this last subspecies which is represented 
in our Plate, 


THE UTILTZATTOH OF INDIGENOUS 
PHOSPHATES IN INDIA. 


BY 

C. M. HUTCHINSON, C.I.E., B.A., 

Imperial Agricultural Bacteriologist. 

Next in importance to nitrogen, as a soil constituent requiring 
renewal, comes phosphorus, the supply of which in farmed lands 
has been a source of anxiety to the cultivator ever since it was 
discovered to be a necessity for the growing crop. Nitrogen can be 
transferred to the soil from the inexhaustible supply in the air by 
green manuring and the use of leguminous crops, but no such natural 
means of renewing the soil supply of phosphorus exists and for this 
reason the question of its presence in adequate quantity is an 
acute one for the farmer. Although phosphatic manures were used 
in very early times it was not until de Saussure discovered their 
fertilizing action to depend upon their content of phosphorus that 
any attention was paid to the question of the actual utilization 
of this constituent, and particularly to tlie reasons underlying the 
comparatively slow action of such phosphatic manures as were then 
available. 

Bones w^ere used very early as fertilizers but the slowness of 
their action was al'ways recogm’zed. The first step taken to reduce this 
disability was the use of grinding machinery by Anderson of Dundee 
in 1829 , there is also evidence of the early use of fermentation 
with organic matter in the form of composts. That the fertilizing 
action of such manures was due to phosphorus was not known until 
the time of de Saussure, and wms emphasized by Liebig when stating 
his law of the minimum. It w'as Liebig in. 1840 who suggested 
the use of sulphuric acid as a means of- Itastening the fertilizing 
action of bones and this was taken up by Lawes and extended to 
include mineral phosphates, especially coprolites. 'This was the 
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origin of the superphosphate industry which now supplies available 
phosphates to crops all over the world. 

Consideration of the economic aspects of the use of sulphuric 
acid for solubilizing phosphates led to recognition of the fact that as 
superphosphate only contains about half the quantity of phosphoric 
acid which is present in the rock phosphate from w'hich it is made, 
this available phosphate is not only more costly than the oiiginal 
inert form, but transportation charges are correspondingly greater. 
Consequently much experimental work has been carried out to 
discover the possibility of making successful use of the original 
rock phosphate brought as nearly as possible into an available 
condition by fine grinding. It is now fairly well known imder 
wliat conditions such finely ground but chemically untreated 
phosphates may be used with success, and it may be of interest to 
state here the conclusions arrived at in general terms. 

(1) The value of ground phosphate is strictly determined 

by the fineness of the grinding. 

(2) ISTo good results can be expected in soils deficient in 

organic matter, but in those containing a ' high 
percentage of humus, finely ground rock phosphate 
may give as good results as equivalent amounts of 
superphosphate. 

(3) In highly calcareous soils unless the supply of organic 

mjiCter is maintained at a high level, no good results 
caii be expected with rock phosphate. It may be 
mentioned here that, so far as the highly calcareous 
soils of North Bihar are concerned, this restriction also 
applies to superphosphate as has been shown by many 
' experiments at Pusa. 

A recent method of attacking this problem consists in carrying 
the mechanical subdivision of the mineral phosphate to a much 
further degree of fineness by special giinding machinery, resulting 
in reduction of the^ particles to the colloidal state. The relative 
economic efficiencies 'of .this method and of the chemical one will 
evidently depencf very largely upon the cost of the mechanical 
disintegration,' but it is probable that this latter method may have a 
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■value for low grade phosphatic minerals wliose content of 
iroji or otlier impurities renders them unsuitable for the production 
of supeiphosphate. 

Many experiments have been made with a view to increasing 
the availability of rock phosphates by what may perhaps be styled 
natural means, such as by contact with fermenting organic matter. 
In such ^empirical experiments many substances have been made 
use of, including peat and farmyard manure ; laboratory work 
mtrodiicmg examination of the action of bacteria in such mixtures 
has been carried out by numerous investigators ; although positive 
results showing solvent action were sometimes recorded ie general 
conclusions arrived at were unfavourable to the supposition that the 
ferti ming- action or, at any rate, the solubility of rock phosphates 
could be increased to any serious extent by this method. On the 
other hand it is possible to show, as has been done in the writer’s 
aboratory at Pusa, increased fertilizing effects on orowino- crons 
■apparently due to partial solubilization of mineral phosphites by 
e fermentative action of bacteria, in composts i^th such organic 
inateiials as oilcake and green nianiires. 

^ 8““* yP “ advance was made when the oxidation of 
sulphur and iomiation of sulphuric acid by certain classes of soil 
bactona was shown by Lipman in 1915 to be of practical importance 
as apphed o the problem of solubilkation of mineral pho^ates. 

of a^ patent by Panlcnm m 1877 and later by Chisholm in 1904 

evUently due to their ignorance of the biological factor involved 
and consequently of the essential cxinditious necessary for sueelr 
lipman, McLean, Widisimn. and others have placed this matter 
a sound practeal basis, and work at Pusa during the past 
thee years has demonstrated the possibility of making^usTome 

ZX 'to : . the addifon of 

containing md.igenoiis mineral pkospliates 

“ti^ 7th!Tf f ■” ^ 

ZtZ , f >>1 ‘‘ssteria, and thk such composts 
cr using action on growing crops. It has been further 
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shown that such solubilization of phosphates 'is greatly increased 
by the use of cultures of sulphru- oxidizing bacteria, isolated in 
the first place from such composts, as much as 88 per cent, of the 
insoluble mineral phosphate being rendered available in ten weeks. 
The results of a typical experiment are given in Tables I and II. 
Further experiments are in progress to determine the optimum 
conditions required for this process, and the relative quantities of 
sulphur and rock phosphate involved. With regard to this last 
point it must be remembered that there is a definite quantitative 
ratio between the amount of rock phosphate to be solubilized and 
that of the sulphur required for this purpose, the actions involved 
being purely chemical although resulting from biological metabolism ; 
the particular reaction resulting in solubilization of tricalcic 
phosphate commences with the formation of sulphuric acid and 
the amount of this, and consequently of its constituent sulphur, 
required for completion of the desired cLange may be calculated from 
the formula : — 

Ca ,3 (POJ 2 + 2 H 2 SO 4 =; Call^ (P 04)2 + 2 CaS 04 . 

Then 310 parts by weight of tricalcic phosphate require 64 parts 
of sulphur for complete reaction, giving a ratio of one part of sulphur 
to five parts of rock phosphate. In actual practice various 
consider§,tions modify this ratio, the principal one being the limitation 
of the oxidation of the sulphur to some 70-75 per cent, of the amount 
present in the period of time, some ten to fifteen weeks, conveniently 
occupied by the process. The diversion of some proportion of the 
oxidized sulphur into combination vnth other substances present, 
either as impurities in the rock phosphate or in the soil used for 
dilution of the compost, must also be taken into account. On the 
other hand'the nature of the rock phosphate and its probable content 
of other minerals than tricalcic phosphate themselves unacted upon 
by the oxidized sulphur, will reduce the amount of sulphur required. 
McLean in America has found a ratio of 120 parts of sulphur to 
400 parts phosphate satisfactory in presence of 2,000 parts of soil, 
and this sulphur-phosphate ratio has also been found satisfactory 
at Pusa. 'With t-oference to the proportion of soil and the. necessity 
of using this latter as an ingredient of such composts, there is at 
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piesent coiisidGi'Rblo difference of opinion and experience ; it is 
obvious that the handling of large quantities of soil will necessarily 
increase the cost of this method, but there are hopeful indications 
that the proportion of tnis ingredient may be considerably reduced 
and in fact that it may possibly be eliminated altogether. 

This question is under experiment at Pusa at present, but it is 
clear that the character of the soil itself must play an important 
part in deciding it ; in many instances this factor Avill carry 
very considerable weight, a.s for example in the case of most of 
the tea soils of Assam whose deficiency in lime will offer specially 
favourable conditions for the solubilization of the rock phosphate ; 
this process will further be facilitated in these soils, where aeration,’ 
an essential condition for success, is readily secured and already 
arranged for in the routine of garden cultivation. 

In whatever manner soluble phosphate is produced from 
mineral or other insoluble phosphates, on introduction of the 
resulting soluble product into the soil, reversion to the insoluble 
form will take place at a rate varying with the amounts of various 
substances, such as lime, present in the soil itself. As the plant can 
only take up its requisite supply of phosphatic and other nutriment 
at a pace which is limited by its rate of growth and assimilative 
capacity, the ultamate fate of the soluble phosphate apnlied as 
manure to the soil will depend upon two opposing factors, the rate 
of assimilation by the plant and the rate of reversion Jn the soil. To 
these tw'o may be added a third, namely, the absorption of phosphate 
by micro-organisms in the soil, which, although it is probablv of 
considerable importance, may be left out of consideration for ' the 
present as not affecting the question at issue to the same extent as 
chemical reversion. Now the use of a properly constituted compost 
contaimng mineral phosphates with the due proportion of sulphm- 
and inoculated mth the appropriate sulphur oxidizing bacteria’ 
would tend to overcome this difficulty by proffiding a continuous, 
although small, supply of soluble phosphate, as the oxidizing action 
would continue m the soil receiving the mixi.t.re provided adequate 
aeration and moisture were secured. Although it 'would, of course 
be impracticable to make any accurate measurements which would 
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allow of exact adjustment of tlie two rates of solubilization and 
assimilation, nevertlieless it is obvious that such a, method of 
making use of the natural sulphur oxidizing power of soil organisms 
would be preferable to that of merely obtaining soluble phosphates 
by this means, and applying the product, as superphosphate is 
applied, in one dose with the inevitable result of loss by reversion. 
Here we have a parallel to the case of nitrogen supplied as nitrate 
of soda, much of which is lost to the crop in Indian soils partly as a 
result of leaching by rain and partly by reduction and assimilation 
bv bacteria. The manurial value of oilcake as a source of 
nitrogen is well known to be high in this country and the uniter 
demonstrated many years ago the notable advantages of the 
divided dose in applying cake in the cultivation of tea, this advantage 
being undoubtedly due to the continuous supply of nitrate secured 
to the growing crop by the nitrification of the cake, and the extension 
of the period of this supply and the avoidance of loss by use of the 
method of the divided dose. 

In place, therefore, of making use of a fully matured compost, 
i.e., one in which oxidation of the sulphur and with it solubilization 
of a corresponding proportion of the mineral phosphate had been 
carried to a conclusion, such a compost might with advantage be 
applied^ to the soil requiring phosphate manuring at an earlier 
stage of maturity, so as to secure the continued and gradual supply 
of soluble and, available phosphate the advantages of which have 
been indicated above. Selection of the particular stage of maturity 
most suitable for use with varying crops and soils would be a matter 
for experience and experiment to determine, but there can be 
no doubt that this method would in many cases present advantages 
over direct application of fully matured composts, just as the 
bringing into use of indigenous supplies of phosphates in this country 
by making use of natural fermentative processes must constitute an 
advantage over the importation of superphosphate from abroad 
or even over that of manufacture by chemical processes in India. 

As will he seen froiii the results given in Tables I and II the use 
of cultures of sulphur oxidizing bacteria is necessary to obtain any 
high degree of solubilization. On the other hand it is not essential 
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to use pure cultures, nor lias this been done by most workers on this 
subject, partly because of the difficulty of obtaining them in an 
active condition, but largely because of the effectiveness of inocula 
merely drawn from composts in which sulphur oxidation has been 
fimily established by suitable treatment. This method is very 
similar to that made use of in connection with nitrification both of 
sewage and in saltpetre production, and there are further resemblances 
between these two natural oxidation processes which will be referred 
to again later in this paper. As a practical method, therefore, 
there is nothing to prevent its adoption by properly instructed, 
although otherwise entirely unscientifically trained individuals, and 
although in the initial stages of its adoption and use it might be 
advisable to make use of a certain measure of scientific control, 
involving perhaps the preparation of the composts at centres of 
distribution, later on there should be nothing to prevent the 
cultivator from preparing his own composts, making use of inocula 
originaUy provided, preferably by officers of the Agricultural 
Department, but subsequently carried over from one preparation 
to the next in a manner familiar to the makers of both country 
spirit or rice beer, and of curdled milk (daM). 

It is interesting to note that the addition of sulphur to soils 
produces fertilizing effects which may be attributed to actions other 
than that of solubilization of phosphate. So far, although many 
guesses have been made to account for this” result, we have no 
accurate knowledge sufficient to account for it. The increased 
fertility has been attributed to partial sterilization, to the production 
of an acid reaction and consequent neutralization of excessive 
alkalinity, and to interference with the growth of injurious fungi 
parasites and weeds. These latter claims have been made for a 
recent French patent which, however, makes no reference, at least 
m the pubhshed account of it, to the solubilization of phosphates, 
and appears to be no great advance upon the earlier patents of 
1877 and 1904 except in regard to the recognition of the biological 
factor. Experiments in the writer’s laboratory dn 1912 showed verv 
vajing effects of the addition of sulphur upon the bacterial content 
and activities m different soils. A selective action was evident. 
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resulting in multiplication of certain species mtli diminution of 
others, but this was evidently attributable to the modified reaction 
of the soil due to formation of acid, nor was it possible with the 
data obtained to draw any valid conclusions as to the causes of 
increased fertility from the observed effect of added sulphur upon 
the bacterial processes usually associated with this condition. The 
striking results of the addition of sulphur to the soil of Assam tea 
gardens in the relatively small quantities provided by the operation 
of sulphuring the bushes against “ red spider ” attacks, was pointed 
out to the writer in 1904, and it was further evident that the increased 
growth of leaf in many cases resulting from this operation could 
hardly be due to the reduced activity of the insect attack, as it 
appeared in situations practically free from the latter. In view of the 
importance of the action of sulphur bacteria as potential providers 
of available phosphate from otherwise insoluble minerals, and 
the possible introduction of the use of the “ immature ” composts 
described above with their content of unoxidized sulphur, it would 
probably be worth while carrying investigation of the other actions 
of sulphur in the soil to a further degree than has hitherto been done, 
and such an enquiry may be recommended for consideration by soil 
chemists, mycologists, entomologists, and bacteriologists as worthy 
of attention. 

r ■ 

An interesting parallel exists between the activities of sulphur 
oxidizing and. ^ nitrifying bacteria in soils. Both are oxidation 
processes requiring adequate aeration and a sufficiency of moisture, 
and both result in the neutralization of the acid formed by 
combination with a base. In the case of the sulphur bacteria these 
organisms are able to function in the presence of a high concentration 
of the acid' by-product of their metabolism, whereas the activity of 
the nitrate formers is strictly limited by any such accumulation and 
requires the presence of a base, such as lime, to avoid interference 
with the process. On the other hand both classes of organisms are 
sensitive to the inhibitory action of excess of organic matter, the 
presence and character of which requires careful regulation 
if satisfactory results are to be obtained. Long experience has 
taught the practical agriculturist, as well as the sewage expert, 
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ui wliat manner the problem of the nitrification of large quantities 
of organic matter may be dealt with, and it is probable that, where 
the combination of the latter with minerals in a compost is likely 
to be of value, careful experimental work will discover practicable 
methods of carrying this out without prejudice to the oxidation of 
sulphur and the resulting solubilization of the triealcic phosphates 
present. The above described parallelism between sulphur oxidation 
and nitrification suggests a highly desirable alternative to the 
ormer process as a means of obtaining soluble phosphates from 
natural mineral sources. In theory there is no reason why the 
second process should not be substituted for the first as a means 
or attaining this end, the tricalcic phosphate .serving as the base to 
neutralize the nitrous acid resulting from the nitrification of the 
organic matter present. Hopkins has shown that soluble phosphate 
can be got as a result of the normal processes of nitrification in 
presence of- rock phosphate, and although at present the practical 
application of this method has still to be worked out. the obvious 
advantage of being able to dispense with the necessity of spending 
money on sulphur, indicates the advisability of research into the 
possibdities of this alternative method in a country where climatic 
conditions are generally favourable to a high rate of nitrification. 
Considerations of space preclude further discussion of this subject, 
but It may be said here that work in the writer’s laboratory has 
demonstrated tue possibility of greatly increasing' the activity of 
nitrifying organisms and the rate of nitrification, by simple 
bacteriological methods, which may possibly be applied successfully 
to tile practical elucidation of this interesting problem. 

In conclusion it may be pointed out that India possesses 
deposits of natural rock phosphates, such as those of Trichinopoly 
and Bihar, and also an unfailing supply of bones, neither of these 
potential sources of phosphatic plant food being at present utilized 
to any considerable extent for manurial purposes. One reason for 
this neglect of such sources of soil fertility is t> simple economic 
one of the cost of the manure and the relations'between this amount 
and the value of the increased crop obtained by such expenditure • 
f does not present a balance on the 
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right side when the cost of imported superphosphate is concerned, 
nor in the present stage of industrial deveiopniont of this country 
is it probable that locally produced superphosphate would improve 
the position. The cost of production of superphosphate in this 
country would be largely influenced by the capital cost of the plant 
for production of acid and treatment of the mineral phosphate 
therewith, together with the heavy overhead and depreciation 
charges associated with such enterprises in India. These, rather 
than the cost of raw nmterials, would probably determine the 
economic balance of such an undertaking, whereas, by making use 
of natural fermentative processes such as that outlined above, 
these heavy additional expeirses are largely eliminated. It is not 
claimed that by so doing available phosphates can be obtained at a 
negligible cost ; there will- still remain the necessity of providing 
grinding machinery and of paying for the sulphur and the raw 
phosphatic materials and their handling and transport. It remains 
to discover whether the elimination of the manufacturing costs of 
sulphuric acid and of superphosphate in India will reduce the final 
cost of available phosphate, made by this natural process from 
indigenous materials, to such a degree as to allow of the extension 
of its use beyond the narrow hmits which at present confine its 
application to a small minority of revenue crops. The object of this 
paper is to suggest such a possibihty and also to draw attention 
to the advisability of investigation of the subject by competent and 
interested workers in this country. 
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Table I. 

Solubilization of mineral 'phosphate by sulphur oxidizing bacteria. 


Mg. of 

found 

available 


Per cent, of 
insoluble P^Or 
solubilized 


P2O, 
as rock 
phosphate 


Period 


Culture J^vo. 1 


At start 


After 2 weeks 
iVfter 4 weeks 
After 8 weeks 


Culture No. 2 


At start 


After 8 weeks 


After 10 weeks 


Contained in culture medium, 


Table II. 

Ackon of sulphur oxidizing bacteria 


on mineral phosphate and 
on puretrimUc phosphate, in 10 weeks' time. 


Mg. of 
P.0, 
found 
available 
after 
10 weeks 


Per cent, of 
insoluble PaO; 
rendered 
soluble 


Mg. of 
P.0, 
added 


Increase 

over 

control 


(1) Action on mineral phosphate 

Control . . 

Culture No. I 
Culture No. II 

(2) Action on pure trioaloie phosphate 

Control . . 


Culture No. I 
Culture No. II 


Contained in culture njedium* 


SOME CORRELATIONS IN THE CHARACTERS OF 
KANKREJ CATTLE IN THE BOMBAY 
PRESIDENCY. 


BY 

E. J. BRUEN, 

Dejiuty Director of Agriculture for Animal Breeding, Bombay Presidency. 

In the Bombay Presidency, there are large numbers of 
professional cattle breeders who have been engaged in this work for 
many generations. Like the old breeders of European countries 
these are usually illiterate but at the same time very observant of points 
in their cattle. The vast amount of knowledge thus accumulated 
for generations has been handed down not in the form of characters 
which are connected with good qualities, but as superstitions 
regarding lucky and unlucky markings. For instance, a cow or 
bull with a “ feather ” situated in a particular spot is supposed to 
make it an extremely lucky or unluclsy animal to the owner. 

As the cattle breeders have such superstitious fancies it is 
difficult to distribute ‘bulls bred on Government farms, no matter 
how well-developed they may be, if they do not possess these 
“ lucky ” signs or markings. Due to this, numbers of well grown 
bulls of known and good pedigree are continually being left on 
these farms to be eventually castrated. * It is evident, in fact, that 
if the catille of the country are to be improved, it will be necessary 
for a long time to come that due consideration be given to the 
opinions and prejudices of the breeders with whom we must 
work. 

The Manager of the Northcote Cattle Farm, Chharodi, 
Mr. M. M. Desai, has^ endeavoured to correlate some of these 
lucky signs with* the more regular methods of judging or selecting 
cattle, Until our breeders become more familiar with the pedigree 

( 15 ) 
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system of selecting cows, I believe it is our duty to set out the 
advantages and disadvantages of a particular type of animal to them 
in such a manner that they will, to their own way of thinking and 
judging, accept what w^e realize to be really good material. It is my 
conviction that all these lucky or imlucky signs require investigation, 
and that, if this is made, many of them may be found to be closely 
correlated with really useful characters in the stock. I therefore give 
below a few of the signs of the Kankrej cattle of Gujarat which are 
held in high repute by the “ Eabari ” or professional Kankrej breeder, 
and their correlation Avith our own observations. 

It is undoubtedly due to strict adherence to the principle of 
utilizing as far as possible only cattle possessing such markings that 
the Kankrej, or for the matter of that any pure breed in India, has 
been kept up to the standard in which we find it to-day. I may 
here observe that we find good and pure cattle only in those areas 
where there is such a person as a professional breeder. 

( 1 ) Length of face. The professional breeder of Kankrej cattle 
gives preference to a short face, this being the first part of the 
external anatomy to be examined in selecting an animal. No matter 
what other good qualities it may possess, if the face is not short the 
animal is rejected. No Eabari will accept a bull with a long face to 
head his herd. The professional breeder, however, canri,ot offer 
any explanation as to why he prefers an animal with a short 
head. • * 

The connection of the length of face of a Kankrej cow with the 
ap at which it matures has been tested in a large number of cows 
of the Chharodi herd. The time of maturing has been measured 
by the age at which the first calf was dropped, and the attached 
correlation table between the two characters shows their relationship. 
The age at which the first calf was dropped has been classified 
to within six months, none being dropped under the age of 31 
years. ^ 

A study of the figures shows that there is a correlation, though 
only a slight one, between the characters studied, and thus there is 
a distinct likeUhood for a long faced animal to be 'late in maturing. 
Taking unity ( 1 ) as representing absolute connection between the 
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Correlation between length of face, and age of dropping first calf. 



two characters, the coefficient of correlation works out as -j- O' 183 
with a probable error of ± 0-064. This high probable error suggests 
that the number of observations has not been sufficient to make the 
correlation a certain one, and it is obvious that the matter needs 
further study with a larger range of animals. I am putting 
the figures on record, however, because if such a correlation be 
established in any breed of Indian cattle the length of face would 
become a very important indication in breeding in this country. 

(2) Length of ear. Long pendulous ears are much preferred 
in Kankrej .animals by the breeders of Upper Gujarat and this 
would appear, by the measurements made on the Ghharodi herd, 
to have a correlation with the length of the body. The tendency 
would appear to be for a long ear to be associated with a long barrel, 
and the longer the barrel the better the constitution, the more food 
space and better digeMing power. The following correlation table 
between these two^3harac£ers shows their relationship in 95 animals 
of the Ghharodi herd. 
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The mean length of the ear in the animals examined was 
12-8 inches, and the mean length of the body was SO'l inches. 
The correlation in this case, while still not very strong, is obviously 
closer and more certain than in the previous case described. Here, 
again, taking unity (1) as representing absolute connection between 
the two characters, the coefl&cient of correlation works out as 
+ 0-327 with a probable error of ± 0-062. Though the association 
of long ears and long body is not by any means constant, yet there 
is certainly sufficient correlation to justify the use of length of ear 
as one of the factors in the choice of undeveloped "animals. 

(3) Bewlap. The larger and more pendulous the dewlap the 
better the Rabari Hkes the animal. This particular development is 
known as o<^. The cows on the Northcote Cattle Farm, Chharodi, 
have not been milked in the past. Miking has only been taken in 
hand within the last three years, and naturally a number of cows 
on the farm give little or no milk. The dewlaps of some 130 cows 
have been measured, and, as will be seen by the figures given, there 
seems to be a greater percentage of animals with large dewlaps in 
the milking herd than of those with a smaller dewlap. 

The natural inference is that length of d-ewlap is correlated with 
the milk-yielding capacity — ^the longer the dewlap the greater the 
milk. 
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Correlation hetween lencfth of dewlap and milk-yield, inrj capacity. 


Dewla]> 
in inc'h,o.s 

Total number 
animals 
oonsidered 

Number of 
animals 
found yielding 

Number of 
animals 
found not 
yielding 

1 Vo’ecnc.a.go bf 
yieldimi 
aiiimaJs 

oi - 

20 

0 ^ 

14 

30’0 

7 “ 7i 

! 

32 

9 

23 

281 

8 - S-^- 

32 

9 

23 

281 

9 - 91 

20 

9 

11 

4d-0 

10 -101 

17 

7 

10 

5S”8 

11 -111 

9 

1 ^ 

3 

OG-O 


The figures are by no means conclusive, but they certainly 
suggest a certain association of the milking capacity with a long 
dewlap. It is not possible in this case to give a precise measure 
of this correlation, but it certainly suggests further observations 
along these lines. 



IRETGATED PADDY: A CONTRIBUTION TO THE 
STUDY OP FIELD PLOT TECHNIQUE. 


BY 

LESLIE LOE.D, B.A. (Oxon.), 

Deputy Bifector of Agrmdture, Bunm. 

Inteoduction. 

This paper is the result of experiments initiated at Mandalay 
in 1921 with the object of determining the error of field trials with 
irrigated paddy and of finding a means to reduce that error. The 
probable error of small bunded plots at Ma.ndala,y had been found 
to work out to the high figure of 13 per cent., so it was suggested 
to the writer * that the error of long narrow plots imthm a bunded 
field should be determined. Errors were calculated by the ordinary 
and by “ Student’s ” method.^ “ Student’s ” method largely 
reduces the error and a modification of this method still more so. 
As the results obtained may be of interest to other workers this 
short paper, which is only intended as a small contribution to the 
study of field technique, has been prepared. 

Pkevious woek. 

An excellent summary of the wmrk already carried out on the 
subject of error in field trials is given by Batchelor and Reed^ 
(1918). It is curious that no mention is made of “ Student’s ” 
method which is given as an appendix to Mercer and Hall’s paper^ 
(1911). ParnelD (1919) dealt with the problem in Madras and by 

*By Mr. A. McKerral, Officiating Director of iVgricniture, Burma, who also suggested the 
method used in these experiments to demarcate plots. 

^Mercer, W. B-, and Hall, A. D. The experimental error of field trials, with Appendix 
by “Student.” Jmr. Agri. 107-132, 1911. ^ 

2 Batchelor, L. D., and Reed, H. S. Relation of the variaMlity of yields of fruit trees to 
the accuracy of field trials. Jour. Agri, Res., XII, 5, pp. '245-283, 1918. 

3 Mercer, W. B., and Hall, A. D. Ibid. 

^Parnell, P. R. Experimental error in variety tests with rice. Aqri. Jour. Ind.. XIV 5, 
fp. 747-757, 1919. 
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using plots 50 feet X 4 feet was enabled to reduce the probable error 
of the difierence of adjmmt plots to 4'2 per cent. ; with -plots 
.50 plants long and 2 plants wide the error of the difference of 
adjacent plots was found to be the low figure of 31 (per cent.?). 
This paper also gives the errors of ordinary field plots in India for 
various crops calculated by the method of Wood and Stratton^ as 
corrected by Parnell. Stadler^ (1921) drew attention to the effects of 
competition in cereals grown on small test plots and showed a method 
of preventing this. Where nev^ selections or varieties are under trial 
at an early stage when seed is scarce the question becomes very 
important. Beaven^ (1922) was the first to emphasize the value of 
“ Student’s ” method in reducing the probable error of experiments, 
and his paper is of extreme interest and importance in all cases 
where small differences are being examined. He states that “ the 
well marked reduction of the probable error by ‘ Student’s ’ 
method is largely due to the fact that in this particular field the 
fertility declines, although not uniformly, from east to west. At 
another station where divergencies qvere more irregular in character 
there might be less difference in the probable errors obtained by 
the two methods. It appears to the writer, however, to be clear 
that the second method gives the probable, error more correctly 
and it is more difficult to calculate.” Faulkner^ (1923) has made 
a quantitative comparison of the accuracy of “ Student’s ” method 

with the ordinafy. . 

• 

The value of the statistical study of experimental 

RESULTS. 

The necessity of a statistical interpretation of the results of 
field trials is now widely acknowledged but its importance has in 
many cases been overlooked, e.g., “ for tJie most part the tests of 
outturns of the different varieties of crops were made on a number 

Wood, T. B., and Stratton, J. M. The interpretatiuii of cxperiiriental retiidts. Jour, 
Agri. 111, 4, pih 417-440, -1910. 

Stadler, L. J. Experiments in field plot teclmic|ue for the preliminary deteriumatiqui of 
comparative yields in the wna 11 grains, Uifivv. of 31tsmim Coll, of Agri Bull. 49, 1921. 

Beaveii, E. S. T^ria Is. of ine^v vaiieties of cereals. Jour. Min. Agri, July and August 
11)22 and (Supplement 

■^Faulkner, O. T. Lhiavoid able error of iiekl experiments. Agri, Jowr. XVIII, 

Ip. 238-248, 1923. 
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of duplicate fields quite inadequate to prove (Avithin stated limits 
of prolsability) that the differences observed were systematic and 
not due to genetic or enviromnental variation.”^ 

Attempts are sometimes made to reduce the error of trials by 
averaging results over a. period of years ; of this, Fisher^ (1921) 
at Kothamsted found that “ average wheat yields, even over long 
periods from different fields or for different seasons, cannot approach 
in accinacy the comparison of plots of the same field in the same 
season.” It has been noticed that in some cases the yield of a 
treated plot in one year has been compared with the mean of the 
control plot over a number of years which means that the effect 
of the seasonal variation which is exerted with full force on the 
treated plot is only partially exerted on the- control. 

Statement oe the peoblem. 

Comparatively small differences in yield between two varieties 
or owing to different treatments are often of sufficient value to 
cause the new variety to be used or the new treatment to be adopted. 
But where only small differences are obtained it becomes very 
difficult to state mathematically that these differences are significant 
and therefore i£ the new variety or treatment is really superior. 
The problem is -to reduce the probable error to such an extent that 
even small differences can be shown to be sigrfificant. 

Methods. " , 

Long narrbw plots within a bunded field were chosen as offering 
the best chance of successfully tackling the problem. In 1921-22 
the plots were 6‘6 feet wide by 122 feet long (area 0‘0184 acre), 
and in 1922-23, owing to a re-arrangement of the experiment, the 
plots were 6'6 feet wide and 174 feet long (area 0'026 acre). In 
the first year the number of plots was 104 and in the second 72. 
Plots adjoining bunds were discarded. Pour bunded fields were 
used in both years. The plots were demarcated by a variety of 
paddy • (Mo Hma.Av) which, in all stages of its groAvth, possesses 

^ Jacob, S. M. Rejyt Punjab Depi. of Agri^ 1921-22, Pt. I, p. 3:' 

® Fisber, A. Studies in crop variation, I. An examination of the yield of dressed 
grain from Broadbalk. Jour. Agri, ScL, XI, pp. 107-135, 1921. 
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fljcij-iicteristics easily distiiiguisliing it from the pure line Ngasein 
pa/,l(ly used in the experiment. The two pliotograplis (Plate I) 
give a slight idea of this. 

The fact that plots are demarcated by lines of paddy only, 
appears, in the case of paddy, to preclude the adoption of this 
method for manurial experiments; As well as long narrow plots, 
single lines of paddy were planted in the hope of discovering a 
reliable method of testing selections and varieties in cases where 
only small amounts of seed are available. In plant breeding work, 
e.g., such a method would enable a breeder to find out and discard 
useless types at least a year sooner and there would be a large 
saving in the area of land required. In this experiment only one 
strain of paddy w^as growm, so no question of competition arises. 
This matter requires further investigation but the method used 
here (lines 3-3 feet apart and plants 18 inches apart in the lines) 
wmuld seem to preclude the possibility of serious competition. In 

1921- 22 lines w-ere 122 feet long parallel to the water course. There 
were 103 lines and the lines adjacent to bunds were discarded. In 

1922- 23 lines w^ere planted at right angles to the water course and 
were 174 feet long. Eighty lines were laid down. Owing to the 
prevalence of crabs at Mandalay this part of the experiment w^as 
not successful and it has not been thought worth while to include 
the results in this, paper. In some of the single lines as many as 
10 per cent, of tie plants were cut dowm by crabs in a single night 
and a nursery had to be maintained in order to replace these plants. 
Further investigation in the light of this experience and in view 
of the effect of competition ^ described by Stadler (ioc. cit.) is 
necessary. 

For the ordinary method of computation the following formula 
was used ; — 

-yM V And 

Probable error != ±*Q’6745 o- 

y, ' ■' 

Probable error of difference on 2 plots = ± 0'6745 o- X v/s 
In Students method the differences of adjoining plots were 
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out. This hguve multiplied by ±0-6745=pi’obable error of difference 
of 2 plots. For piu’poses of comparison this figure has been Avorked 
out as a percentage of tlie mean yield of all the plots in the particular 
series. 

The tliird method used in computing errors arid the method 
which has given the best results may be termed “ Student’s ” 
method modified. Instead of getting differeii(;es of adjacent plots, 
one plot was compared with the mean of the two plots on either 

side, e.g., if the plots are 1, 2, 3, 4, o, 6 2 is compared 

.^yith ; 4 is compared with ^ and so on. llie differences 
so obtained are used in the ordinary “ Student’s ” method. 


Results. 

The yields of the 1921-22 plots are shown in Plate 11. Two 
facts are illustrated by the graphs 

(1) The yields are highest near the water course and there 

is a more or less regular decrease across the field. 

(2) There is a local increase near the bunds on the far sides 

of the fields. Yields of plots adjacent to bunds were 
not used in the calculation of probable errors. 

The influence of contiguity to the water channel on" yields of 
plots is probably due to the large amoimfc of silt carried in the 
irrigation water. Most of this silt is deposited near the water 
course. The errors are given below 

■ 1921-22 jjlots. 


Stud©iit*s method 


Ordinary method 


Probable error of single plot 
Probable eiTor of diiO^ereiice of two jjlots 


In 1922-23 the plots were laid down at light angles to the 
water course in order to discount its effect on yields. The results 
of these plots are shown in Plate III and it wiQ be seen that there 



YIELDS OF LONG NARROW PLOTS. SHOWING EFFECT OF WAT 

COURSE AND BUNDS. 








YIELDS OF PLOTS AT RIGHT ANGLES TO WATER COURSE. 
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is no fertility slope in tlie fields. Plots were planted adjacent to 
the bunds but were not weighed and included. 


1922-23 -plots.* 



Ordinary 

“ Student’s ” 

“ Student’s ” method 


method 

method 

modified 


Per cent. 

Per cent. 

Per cent. 

Probabie error of single 


plot . . . . ; 

± !i-oS 



Probable error of differ- j 



ence of two plots . , 

± V-86 

± 5*62 

db *l‘d7 


The re-arrangement of the plots in this year has made a noticeable 
difierence but in both years the probable error calculated by 
“ Student’s ” and the modified method is considerably smaller. As 
is to be expected, the decrease in the error found by “ Student’s ” 
method is much larger when there is a fertility slope in the field. 

The 1922-23 figiu’es were used to compare the errors of the 
individual fields with the whole series, with the following results 


Field Ko. 

Ordinary method j 
probable error of 
single plot 

“ Student’s ” method ; 
probable error of 
difference of 2 
plots 

‘ ‘ St uden t ’s ’ ’ method 
modified ; probabie 
error of difierence 
of 2 plots 

• 

Per cent. 

Per cent. 

■ Per' cent. ' . 

1 

± 3 -SO 

± 5-07 

■ zh 3-62 

2 

it: d‘45 

dz 4'2o 

±4*75. 

n .[ y. 

• ± 401 

± 5-30 

i 4*25" ' 

4 , ® . . 

± 4-62 

± 5*45 

± 3*49 . ' 

Average 

i 4*48 

± 501 

± 4-03 

Whole series 

i 5 ’58 

± 5’02 

di 4*47 


(It should be noted that the ordinary method oxdy gives the 
probable error of a single plot.) 

The inclusion of four separate fields in the series has had little 
efiect on the results in either method. Four times the probable 
error of the difference of two plots may be taken as being significant, 
so even with “ Studi^t’s ” method a certain number of replications 
are necessary ^ reduce- the error of the difference to a workable 

* The writer is indebted to Mr. W, M. Ciark, Deputy Director of .Agriculture, Burma, fur 
assistance in caicuiating the 1922-23 resul 
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figure. Theoretically the probable error of the mean of a number 
of replications is where n equals the number of replications 
but in practice it is found that systematic replication does not 
reduce the error according to the theoretical calculation. 

Mercer and Hail (loc. oit.) recommend the use of five 
replications ; Koemer^ states that when the experiment is repeated on 
more than six plots it does not contribute to any important extent 
to the accuracy of the “ einzelbeobachtung ” ; at the Minnesota 
Experimental Station it was shown that variability decreased 
rapidly up to three replications, but only slowly thereafter. With 
“ Student’s ” method the following results were obtained with 
the 1922-23 yields. Probable error of the difference of 2 plots 
= ± 5‘62 per cent. 


The theoretical and calculated errors of replications were also 
worked out by “ Student’s ” method modified, v/ith the following 
results. Probable error of 2 plots = 4'47 per cent. 


Theoretical 


Replications 


Calculated 


Six replications have given the best results in both methods 
and although absolute accuracy cannot be claimed for the calculated 
errors, yet there would appear to be good groj^id for claiming that 
with six replications the probable error of ^the difference of two 


^Roemer, Th, Ueber die Technik der Feldversuche, in Fuhling's Landtv, Zeikmg, 
Year 67, 6-6, p. 102, 


Replications 

Theoretical 

Calculated 


Per cent. 

Per cent. 

2 

± 3*98 

± 3*14 

3 

4- 3*25 

± 3*83 

4 

± 2*81 

± 2*61 

5 

± 2*51 

±■^’53 

6 

± 2*29 

± 2’OS 

7 

± 2*12 

± 2*19 
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plots can be reduced to 2 per cent, by “ Student’s ” method and 
below that figure by that method modified.* 

In all of the above calculations grain weights of tlie plots 
have been used. In cases where it is desired by numerous 
replications to still further reduce the probable error a large amount 
of labour is involved in threshing individual plots. It had been 
found at Mandalay that the correlation coefficient between total 
weight and grain weight Vv'as 0'089 ± 0‘02. So the errors of the 
1922-23 plots were calculated on total weights with the following 
results : — 

Ordinary method — Probable error of difference of 2 = ± 10*71 per cent. 

‘‘ Student’s ” method ditto = 6*07 „ 

‘‘ Student’s method modified ditto = ± 4*83 „ 

The increase in the probable error over that obtained when 

grain weights were used is only slight. 


Summary. 


(1) Under irrigation the yields of plots parallel to the water 
course tend to increase as the water course is approached. 

(2) The probable error of a series is only slightly affected by 
plots distributed in more than one bunded field. 

(3) The probable error of a series is materially reduced by 
using “ Student’s ” method and by “Student’s” method modified 
it is still more reduced. 

(4) Six replications with “ Student’s ” method modified will 
reduce the probable error of the difference of two plots to below 
± 2 per cent. The best method, therefore, of conducting experi- 
ments with long narrow plots within a bunded field is as follows :• — 

Ci.A.C.A.C.A.C.A.G.A.C.A.C. where C = the control and 
A = the treated plot. 

(5) The probable error obtained by using total weights is only 
slightly higher than when using grain weights. 


In woridng out the ^ilciuajied errors, owing to the smaller number of averages available. 


the formula cr = 


'Was used. 

7lr—i 
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BY 

E. J. D. GRAHAM, D.Sc., 

Formerly Economic Botanist to Government, Central Provinces ; 

AND 

S. C. ROY, L.Ag., 

Assistant Botanist, Central Provinces. 

This crop was first studied in 1916 to elucidate the nature of 
a number of aberrant plants occurring in the linseeds grown from 
line cultures on the College Farm, Nagpur, the previous history 
stating that for 13 years the crop had been uniform. I’hese rogues 
proved to be hybrids, the result of natural cross pollination. A 
large number of artificial crosses were raised during the succeeding 
four years. As the occurrence of natural cross pollination of 
linseed has not previously been noted in India, and as the figures 
collected indicate a simpler genotype for the Central 'Provinces’ 
linseed than that described by Tammes^ for flax, the facts are now 
recorded. 

Linseed a.s grown for oil in India is a bushy plant, branching 
copiously from near the base, occasionally reaching a height of 
three feet. In the Central Provinces and Berars 5 per cent, of 
the total cropped area or nearly one million acres, iliiefly in the 
Nagpur, Chhatisgarh and Berar Divisions, are annually sown, with 
linseed either as a pure or mixed crop. 

^ Tammes. Die genotypische Ziisammensetziing einiger Varietatcn und iiir geiietisclier 
Zusammenhang ; i2ec. rf. trav. hot, 1915. Die g^nseitige Wirkung genotypisclier 

FaJitoren ; Rec. d. hot. trav. neerL^ XIll, 191(5. (Jn the inuDail of genotypic factors ; 

Proc. Kon, Ahad. V. Wet. ^ Ansterdam^X^TiX, 191(5. Ged:ietic anah'sis, schemts of co-operatioji 
and multiple allelomorphs of Linum usitatissimum ; J our. Gen., 1922, Das geiiotypischo 
Verhaltuis zwisciien dein wiidem Linum anguBtiJolhan luid dem kultiirlein Linmn, usilatimi- 
mum ; Qemiica, V, 1923. 
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Antliesis and pollination in general conform to that described 
for flax in Holland by Tammesd On a waiin niorning flowering 
starts at 7-30 a.m. — half-a,n-hour after sunrise — while on a cold 
dull morning it is delayed till 9 a.in., both the actual time of opening 
and the quantity of flowers being dependent on teniperature and 
humidity. The flowers close by the afternoon and coraraenee to 
drop only the day after opening, occasionally, however, still 
adhering even to the fruit. 

The cylindrical stigmas which are adpressed together until the 
corolla has expanded, are receptive on the inner side. By the time 
the corolla is half expanded the extrose anthers, which in the bud 
are below but now are level with the stigmas, have dehisced. 
When the flow^er is fully open the anthers are forced close to the 
uncoiling .stigmas by the elongation of the claw^s of the petals, the 
stigmas actually coming in contact with the pollen covered anthers 
as described by Loew',^ and self pollination is eft’ected. The 
protogynous condition described by Tammes® does not occur 
naturally but is the result of ^vound and contact stimuli. 

Prior to 1915, 14 cases of natural cross pollination occurred on 
the College Farm. In 1916, 1917 and 1919, only 9 cases w'ere 
observed in 212 line cultures or less than 5 per cent, when linseed 
is grown ip adjacent lines at Nagpur. 

The characters studied in the crosses were first the colour of 

* 

the corolla and next thS colour of the seed-coat. 

Blue-flowered X White-flowered. 

Fj had pale-blue flowers with dark blue veins like the blue 
parent. Tw§nty-seven plants were raised in F 2 , 19 blue and 
8 white-fl.owered ; 12 of the blue-flowered again segregating into 
937 blue and 319 white-flowered. The ratio obtained from 70 
other segregating individuals was 3,205 blue : 1,069 white-flo’ivered. 
These figures indicate a monohybrid cross. 


^ Tammes. .Die Maohsbliite. Mec. d. trav. bot. nSerl., XV, 1918. 
^ Loew, E. EinfuhruTig in die Bluthenbiologief 1895. 

^ Tammes. L, c*, 1918, p. 220. 
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Darh hfotvn seedxYelloiv seed—flmvers white. 

Fj had a dark brown seed -coat. In r 2 segregation occurred 
giving ] 5 dark brown and 5 yellow-seeded plants ; 8 of the dark- 
seeded plants proved heterozygous, segregating into 634 dark 
brown and 187 yellow-seeded plants. The numbers obtained from 
29 other plants were 1 ,463 dark brown and 460 yellow-seeded plants. 

Darh hroimi seed, x Pale brown seed — flowers blue. 

Fj had a dark brown seed indistinguishable from the dark 
parental type. The numbers obtained from 19 segregating plants 
were 409 with dark brown and 136 with pale brown seeds. 

Bluejbmer, fade brown seed X White flower, yellow seed. 

Fj had normal blue flowers and pale brovm seeds. The 
numbers obtained from 30 heterozygous individuals were 1,657 
plants, blue flowers with pale brown seeds, and 547 plants, white 
flowers with yellow seeds. 

The results of these three crosses indicate a single factor 
difference for seed-coat colour on the assumption that the yellow 
seed only occurs in the absence of flower colour. 

Blue, flower, pale brown seedxWMie flotver, dark brown seed. 

Fj had the blue flowers of one parent and the dark seed of 
the other. Twenty-nine Fg plants raised showed— 17 blue flowers, 
dark brown seeds ; 3 blue flowers, pale brown seeds ; 8 white flowers, 
dark brown seeds ; and one white flowers, yellow seeds. Ten 
individuals from the plants with blue flowers and dark brown seeds 
segregated into— 445 blue flowers, dark brown seeds ; 120 blue flowers, 
pale brown seeds; 124 white flowers, dark brown seeds ; and 48 
white flowers, yellow seeds. The progeny of 32 other artificial 
crosses segregated into 327 blue flowers, dark brown seeds ; 130 
blue flowers, pale brown seeds; 108 white flowers, dark brown 
seeds; and 35 white flowers, yellow seeds..iv^ This clearly indicates a 
dihybrid cross supporting the assumption ThatFthe yellow seed is a 
pale brown with pigmentation inhibited by the absence of flowei' 
colour. 


LINSEED HYBRIDS 


?>] 

In the linseeds studied in the Central Proi.nnees there is thus 
pj-esent a factor for petal colour in whose absence the petals are 
white, and a factor for seed-coat colour in the absence of which 
the seeds are pale brown. If the factor for petal colour is absent, 
however, the seeds are yellow. 

Analysis of the oil-content of the seeds showed a higher 
percentage for white-seeded selections, averaging 41 ‘37 per cent, 
a, gainst 38 ’62 per cent, in the dark-seeded selections. Against this 
advantage the acre yield of blue linseeds with dark seeds was 
distinctly higher than tliose with white flowers. 


KTKUYIT {PENNISETUM CLANDESTimM) : A NEW 
PASTURE UBASS FOR INDIA. 

BY 

W. ROBERTSON BROWN, 

Afirir.uUural, Officer, North-West Frontier Province. 

“ Have you got Kikuyu ” ? every one asked me as I travelled 
through South Africa in quest of new plants and agricultural 
instruction. The botanists told me it had been brought to the 
Union from British East Africa only ten years ago; that it was a 
nutritious perennial running grass of extraordinary vigour, with 
rhizomes thick as a lead pencil and abundance of broad tender 
lilades. Most remarkable of all was the fact that Kikuyu was 
not known to have produced seeds. The agriculturists said it was 
a splendid permanent pasture grass on good land ; that it required 
an occasional top dressing of nranure and, like all other grasses 
which throw on^ ab-undant - root' stocks, Kikuyu was liable to 
become sod-bound, and must therefore be cut-up by the plough 
once in two or three years. Where Kikuyu was established, no 
other grass could exist in the field. It Avas drcught-resistant in 
a remarkable degree ; all kinds of stock liked the grass. The 
horticulturists'were no less generous in their praise of Kikuyu than 
the botanists and agriculturists. Kikuyu was the perfect lawn grass, 
not for the tennis-court, the hockey, the football or the polo fields, 
but for breadths of bright green, dense, soft mown grass. On an 
established Kikuyu laAvn, the feet were said to sink in the delicious 
SAA’ard : Kikuyu Avas a grass to roll on. In the Cape ProAunce, in the 
Orange Free State, in the TransA^aal, in Natal and Zululand I saAv 
Kikujui at many farms and around public buildings AA’-ell AA’-orthy of 
the eulogA" I had heard bestoAved upon it ; hut 't Avas at Pretoria 
in the delightful grounds of the Union Buildings that I first looked 
on really extensive breadths of Kikuyu. Over all the beautiful 
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lawns there appeared to be no weed or grass of any description 
in the emerald green Kikuyu. It was almost with a twinge of 
jealousy I saw the loveliest lawns of England rivalled here in South 
Africa. 

On the return voyage to India I carried with me a turve of 
Kikuyu. Apparently more dead than alive, it was planted in a 
rich bed at the Peshawar Agricultural Station on 3rd September, 
1921. Before the first touch of frost in December, the grass had 
tnade extraordinary good grow'th and covered four square yards of 
land. A slight protection of branches was then given, and the 
grass came through the cold months of January and February 
without suffering more than a check in its growth. In April the 
runners, rooted and. unrooted, Avere divided into six-inch lengths 
and planted three feet apart each way on half an acre. In four 
months’ time the area was closely covered by Kikuyu, and sheep 
and cattle v^ere put to graze on it (Plate IV). 

In December the more vigorous, soft runners Avere injured 
vA'hen the mercury fell to 28°F. ; the grass was broAAuied and groAAdh 
ceased, but Kikuyu Avas otherAvise uninjured. With the first warm 
breath of spring the grass sprang into vigorous giwth again. 

TAvo-thirds of the area has been regularly grazed by the farm 
stock, the remainder has been allowed to groAv that the habit and 
nature of Kikuyu might be studied. 

.From the compar^tiAm table of chemical analyses quoted 
below from the Union of South Africa Dep. of Agri. Leaflet No. 45, 
it Avill be seen that Kikuyu compares very favourably wdth lucerne 
and other more Avell knoAAUi grasses in this country 
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Kikuyu (Air-dried) 


12*36 

35*06 

1*79 

33*08 

9*42 

8*31 

19*770 

1*330' 

Kikuyu (Green) * . . 

76*09 

3*63 

9*26 

0*51 

7*91 

2*60 

2*22'' 

0*579 

: 0*356 

Lucerne ( Hay) 

* 8-00 

15*50 

30*69 

2*40 

34*80 

8*90 




Teff (Hay) 

8*20 

6*00 

43*20 

1*10 

34*80 

6*70 




Rhodes-grass 

900 

1 9*20 

29*30 

1*40 

42*50 

8*70 

7*09 



Guinea-grass 

8'o2 

: 9*03 

28*63 

1*68 

40*54 

12*10 

1*445 

,1*134 
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Kikuyu is worthy of a trial in any part of India wli 
average annual rainfall exceeds 20 inches, or irrigation is av 
As it does not produce seeds there is little danger of th 
spreading to fields whereon it might be undesirable. Kikii; 
go a long way in helping to provide really good nutritious 
for the dairy cattle in India, for wide sweeps of lawn 
the race course. It is probable that it will prove superior 


THE PEOBLEM OP POTATO STOEAGE IK 
WESTEEN INDIA.* 



BY 

S. L. AJREKAR, B.A., 

Ag. Professor of Botany, Royal Institute of Science, Bomhay 
{Formerly Plant Pathologist to Government, Bomhay, Poona). 

The study of tlie storage rots of potato has been carried on in 
the laboratory of plant diseases at the Poona Agricultural College, 
with some interruptions, since 1917. It is proposed in. this paper to 
discuss the bearing of the main conclusions reached on the problem 
of potato storage in Western India, the detailed experimental 
evidence in support of the conclusions being reserved for separate 
publication. 

PbEVIOUS WOEK on the PEOBLEM. 

The problem of potato storage has always been one of great 
importance since the introduction of potato cultivation in Western 
India. Ccaisiderabie losses in storage occur due to various causes. 
One of the most recent estimates of such losses made from actual 
observations on oultivators’ stores puts down the loss at between 
.50 and 75 per cent.^ The potato moth {PJitfiorimea operculella) 
is the most obviously visible of the pests and diseases of the potato 
tuber, and it is not surprising that it had been for many years 
regarded as the most important of the potato troubles in Western 
India. A considerable amount of wmrk was done on it by the 
Bombay Agricultural Department between the years 1906 and 1912, 
resulting in the discovery of fumigation wdth petrol as an efficient 
and practicable remedy. 

The moth trouble, however, is not the only one causing damage 
in potato storage. Bacteria and fungi, either independently or 

* Paper read at the Indian Science Congress, Lucknow, 1923. 

’•Kasargode, R. S. Proc. Third 1919, p. 704. 
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following in the wake of the caterpillar ot tne poraro muuu, 
cause quite considerable, and sometimes even greater, damage. 
This was stcikingly brought out in an experiment conducted by 
Mr. Ramrao S. Kasargode, Assistant Professor of Entomology, Poona 
Agricultural College, in 1912, in wliich it w^a.s foimd that, in spite of 
fumigation which excluded the potato moth, as much as 55 per cent, 
out of a lot of 5,000 lb. tubers were destroyed by rotting within a 
period of three months.^ The investigation of this particular case of 
rotting was carried out at Pusa by Hutchinson and Joshi^ and 
led to the discovery of two kinds of bacteria whic'h are capable of 
invading the living potato tuber under certain conditions and 
causing it to rot. 

The acuteness of the potato storage problem was not, however, 
fully realized until, OAving to the Great War, the import of Italian 
seed tubers aauis stopped and cultivators in Western India Avere 
awakened to the necessity of becoming independent of foreign 
supplies in respect of seed tubers. This Avas the origin of the 
investigations on potato cultivation in Western India by Dr. H. H. 
Mann and others, the results of Avhich are published in Bulletin 102 
{1Q20) of the Bambay Department of Agriculture. Chapter IX of 
this Bulletin deals Avith the storage of potatoes, and the authors 
(Mann and Xagpurkar) liav^e come to tlie conclusion that the “ vital 
factor in the potato problem in Western India ” is a form of rot 
AA'hich they terra “ heat rot ” and AAdiich they regard as identical 
Avith the “ black heart ” described by BartholomeAv^’ and 
SteAvart and Mix^ in America. The “ heat rot ” is believed by 
Mann and Xagprrrkar to be caused by mere physical heat and to 


Kasargode, R. S. Ibkl, 

2 Hutchinson, 0. M,, and JosM, N, V. Mem. Dept. ArjrL hulia, Bact. Ser., I, No. 5, 1915. 

® Bai’tholomew. Black heart of potatoes. Phytopathologpt III, 1913, pp. 180-182. 

* BarthoidmeM'. A pathological and physiological study of the bh);ck heart of potato tuber. 
Centralblatt Bact. ParasU Infect, 43 Bd., Nos. 19-24, 1915, “pp. 609-639. 

^ Stewart and Mix. N. Y. Ayri. JSxpt 8ta. Bull. 436, 1917. 

® Bond). Dept Ayri. Bull, 102, p. 96, 1920. 
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the essentials of which are (a) fumigation with petrol, (&) rigid 
sorting to remove injured or diseased tubers, (c) storing in bags 
in a god own where the temperatiu’e is maintained below 90°F., and 
(d) periodical inspection of bags. It is claimed that by this system 
“ potatoes kept for seed can be maintained ■wdthout anything like 
the serious losses which have often, if not usually, been incurred 
in the past.” 

In actual practice, how^ever, this system has not been found to 
fulfil its promise to solve the potato storage problem in Western 
India. Mann and Nagpurkar^ give no information as to the actual 
residts obtained in the improved storage house described by them. 
Presumably, at the time of publication of their Bulletin, no actual 
storage had been done in the storage liouse constructed according 
to their design on the premises of the Poona Agricultural College. 
The Economic Botanist to Government, Bombay, hoAvever, wwites 
in this connection in his Annual Rej)ort for 1920-21^ that “ it has 
been possible to keep the temperature (of storage) dowm to an 
average maximum of 85'9°r. during May by quite crude methods 
but still there has been much loss in storage. This question needs 
more study.” The rotting material from this storage was exa m ined 
from time to time in the laboratory of Plant Pathology at the Poona 
Agricultural College and sjmiptoms of the so-called “ heat rot ” were 
frequently noticed, indicating that they might occur at temperatures 
lower than 90°F. • * 

The need for more careful study of the potato storage rots had 
also become obvious from the constant association of certain fungi 
and bacteria, each with characteristic effects, wuth certain t}^es of 
rotting in tubers received for examination. Certain striking 
discrepancies between the descriptions of “ heat rot ” of Mann and 
Nagpurkar and those of the “ black heart ” of American authors 
also suggested a confusion of causes and effects and necessitated a 
careful study of the relative responsibility of physical heat and 
micro-organisms in j}he causation of potato rots. 


Bomb. De;pt, Agri. 102, px). 95-96^ 1920. 

^ Ann* Bept Dept. Agri., Bombay, 1Q2Q-21, Ap]Tendix I, j). 114 
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[XIX, I. 

Conclusions from the writer’s work on potato storage rots. 

Tlie studies just alluded to have been carried out during the 
past few years by the present writer and the main conclusions 

reached may be briefly stated as follows ^ 

(f) The storage rots of potatoes as distinct from the moth 
trouble may be (imded into two classes :—(l) Dry rots caused 
by fungi and (2) wet rots caused by bacteria. 

(-ii) Of the fungi, four different kinds were found responsible 
for potato rots, turn species of Fusarmm and two species of Sclerohum 
{Scleroiium Rolfsii and Sderotium sp. hitherto known as RMzoctoma 
destruens and lihkoctonia Solani respectively). The identification 
of tliese fungi is not yet complete. 

(•■m) Unaccompanied by bacteria, eacli of the above fungi 
produces a characteristic form of dry rot, but the individuality 
of the rot is often lost owing to bacterial invasion and it ultimately 


becomes a wet rot, especially at higher temperatures (between 
86°F. and 100°F.). 

{iv) All these fungi appear to attack the potato tuber ordinarily 
through wounds in the skin. But they may also find admission, 
though less frequently, through lenticels and through the 


interruptions in the skin in the neighbourhood of the eyes. 

(i!) xill these fungi groiv fairly well between temperatines of 
■77°F. and 95°F., though the optimum is different in different cases. 

(to)- The wet rots are caused by a nuniber of forms of bacteria, 
and on two occasions (1912 and 1918) on which samples of 
rotting tubers were sent to the Imperial Bacteriologist, Pusa, for 
examination, the same or very similar organisms were found to be 
responsible. These are common soil organisms and as such probably 
invariably present on the surface of tubers and are capable of causing 
rots in living potato tubers under certain conditions of temperature 
and moisture. The optimum temperature for the growth of these 
is between 86°F. and 104°F.^ 




{vii) The “ heat rot ” described by Mafm and Xagpurkar is only 
a form of bacterial wet rot and the syhaptoms included in this 


^Hutchmson, C. M., and Joshi, N. V. Ibid. 










^Cotton, A. D., and Taylor, H. V. The causes of decay in potato clamps. Supj^hmmt 
No. 18 to Jour. Bd. Agri., London, March 1919, pp. 54-58. 

- JMaim and Nagpurkar. Ibid., px^, 89-90. 
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term, viz., blackening and softening of tke flesh of the tuber and 
exudation of v/atery matter and foul odour, have been found to 
occur only in the presence of bacteria. These sjunptoms are not 
produced when micro-organisms are successfully excluded and 
head alone up to 42°C. (107 ‘C^F.) is allowed to act on potato tubers 
constantly for a period of nine days at least. On the other hand, 
these symptoms may be produced at temperatiues as low as 81°F. 
when the appropriate micro-organisms are present. Heat by 
itself cannot, therefore, be regarded as a primary cause of potato 
rots, as supposed by Mann and Nagpurkar. 

{viii) The symptoms described as “ heat rot ” are quite distinct 
from those of “ black heart ” as udll be seen by careful comparison 
of figures and description of the Indian and the American authors. 

(?';r) There is reason to suppose that continued exposure to high 
temperatnres like 104°F. might eventually kill the eyes and tissues 
of potato tubers sooner or later and render them liable to attack 
by saprophytic organisms, some of which are known to become 
pathogenic at temperatures of about 95°F. It is in this sense that 
heat by itself might be a primary cause of potato rots. There is also 
the possibility of an excessive rise of temperature in potato heaps 
due to respiration and action of micro-organisms, as was found by 
Cotton and Taylor^ in potato clamps in England. Mann and 
Nagpurkar,^ however, did not find the temperature rising higher 
than 93°F. in tlje* potato heaps in Western India with their special 
cooling arrangements, and it is unlikely that physical heat by itself 
is a primary cause of potato rots in Western India. 

The BEARING OE THE ABOVE CONCLUSIONS ON THE PROBLEM. 

The problem of potato storage in Western India is, in the light 
of the above conclusions, rather more complex than has been supposed 
by Mann and Nagpurkar. It is not sufficient to keep the temperature 
of storage down to 90°F., for at temperatures between 80°F. 
and 90°F. the organisms found associated with potato rots thrive 



' ^ PeE’VEKTION OF INEF.CTION. 

During tlie course of tlie work on potato rots one fact was 
brouglit out prominently, namely, the existence of a widespread 
infection of potato tubers witli one or more of tire rot causing 
organisms already before the tubers went to the storage hcuise. 
It has been quite a common experience to find some of the tubers 
selected as apparently healthy to serve as controls in the inoculation 
experiments developing one or more of the rot causing organisms 
during the course of the experiments in spite of all surface 
disinfection. This experience agrees with that of- American workers 
stated in summary by W. A. Ortord of the U. S. Department of 
Agriculture in the following words : — 

“ We are coming to realize more and more • 

that we have to deal primarily with a condition of general soil 
infection and that the planting of healthy seed is by no means an 
insurance of a healthy crop.” 

Although the corky skin of the potato tuber, if uninjured, 
ordinarily prevents the entry of pathogens successfully, still there 
are solutions of continuity of the skin in the neighbourhood of the 
'■ eyes ” and in the innumerable lenticels which occur on the potato 
tuber and afford points of entry to rot causing organisms, which are 
present in the soil. Hence the widespread infection already present 
in the tubers before they go to the storage. 

To prevent this kind of infection, extensive sterilization of 
the soil would be necessary, but apart from the expensiveness of 
soil sterilization, any method of sterilization by heat or by rise 
of poisonous substances would probably destroy the useful 


^New work on x^otato diseases in America (paper contributed to tlie liiteraationai Pofcato 
Borderence, London, 1921), 
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micro-organisms along \wtli the harmful ones and what might be 
gained in freedom from diseases might be lost in fertility. 

Future work on this subject, therefore, must be directed 
towards finding out the best methods of controlling soil infection 


by cultivation methods and by the study of crop rotations. At 
present it must be admitted that we do not know of any satisfactory 
methods of preventing infection of potato tubers in the soil. 


Prevention op spread in storage. 

In the prevention of spread in storage, two lines of attack are 
feasible. One is to destroy the rot causing organisms in and on the 
tubers before putting them in the storage and the second is to so 
arrange the conditions in the storage house that the organisms 
would find them unsuitable for growth and spread. Various 
fungicides have been tried with varying degi-ees of success depending 
on the extent to which the tubers had been already infected before 
the treatment. In general, it may be said that while fungicides like 
copper sulphate, mercuric perchloride and formalin are effective to 
some extent in destroying the organisms at or near the surface of 
the tuber, not one of them is capable of ensuring perfect sterilization, 
if the organisms have already penetrated to some depth below the 
surface. Hutchinson and Joshi^ recommended the treatment of 
seed tubers with copper-sulphate solution (2 per cent, for 30 minutes) ; 
and in their ow*n experiments they seem to have got results 
which indicate the effectiveness of this fungicide in preventing 
infection by rot causing bacteria, especially when care is taken 
to remove all injured tubers and the moisture in storage is kept at a 
low degree. ^Bnt in both Mann and Joshi’s^ experiments and in 
our own, it has been found that surface sterilization with copper 
sulphate has not been sufficient to prevent rotting in every case 
and the same experience was obtained on a fairly large scale by 
Mr. Ramrao S. Kasargode, Assistant Professor of Entomology, 
Poona Agricultural. College, in the hot weather of 1913 when he 


^ Hutchinson and Joshi. Ibid. 

^Manii and Joshi. A chemical study of heat rot. Afpmidix lo Bom. De^i. Agri Bulk 
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stored about 4,00(T lb. of tubers after treatment with copper sulphate 
in thin layers on racks in a well ventilated room. Practically all 
the tubers showed the characteristic bacterial rot. Still the method 
suggested by Hutchinson and Joshi may be found useful by potato 
growers who wish to preserve a small quantity of seed tubers for 
their own use, especially if practised immediately after harvest, 
before the micro-organisms have had a chance to get inside the 
tubers and bevond the reach of the fungicide.^ Formalin treatment 


As regards controlling the conditions of storage so as to reduce 
tlie ciiances of growth and spread of organisms already present 
and to prevent infection, the knowledge we have gained of the 
physiology and parasitism of the rot causing organisms indicates 
the methods likely to be successful. It is common-place to say that 
potatoes or, for the matter of that, anything liable to rot, must be 
stored in a cool, dry and well ventilated place. Of these conditions 
of storage the temperature is perhaps the most important and 
is so recognized by cultivators, who have devised elaborate 
arrangements to bring about a reduction of temperatul'e of storage. 
One such method in vogue in the Khed Taluka of Poona District has 
been described by Mann and Hagpurkar® by which the temperature 
can be kept at from 86°F. to 93°F. This method has been improved 


^ The importance of immediate (i.o., within 24 hours after digging) clisinfectiou of potato 
tubers is brought out by 0. A. Pratt’s trials with HgCIg and formalin in the control of tlie powdery 
dry rob of potatoes caused by Fusarium tricJtothecioides. Jour, AgrL Res,, VI, 830, 191G. 

- Gussow, H. T. Canada Expt, Rejyorts, 1912, pp. 200-202. 

*'* Bombay, DepL Agri, Bull* 102, pp. 33*34, 1920. 
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upon in the storage house built by Messrs, th«J Union Agency ol 
Bombay in their potato works on the premises of the Poona 
Agricultural College.^ The temperature in this has been kept as low 
as 82°F. and the ventilation is also much freer than in the ordinary 
cultivator’s storage. But both these methods of storage have the 
disadvantage of a high degree of moisture wiiicli is an inevitable 
■result of the use of evaporating water in each of these methods as a 
means of reducing the temperature ; and although, under favourable 
conditions and witli good care in the sorting preliminary to storage, 
very good results have been occasionally obtained, reducing the 
loss due to rots to as low as 2 to 5 per ceiit.,^ yet these good results 
are not obtained with certainty and serious losses may occur even 
in such luefchods of storage. Such, success as was obtained in these 
storages would seem to be due to the careful sorting out and rejecting 
of infected and injured tubers and not to the temperature of the 
storage. For, while the low temperatures reached seem to keep 
some of the wet rot causing bacteria fairly under control,, these 
same temperatures are found most suitable for the growth of other 
organisms, particularly the fungi Fmarium sp. a.nd Sderotkim 
Rolfsii. This explains the observation of Mann and Joslii that, 
with a temperature of storage below 85°F., “ the attack of 
Fiisari'um dry rot went on increasing,”^ and the experience of 
Mann and Nagpurkar that “ storage in Poona in the cold weather 
for two months af abowt 80°F. means the loss of over 80 per cent, 
of the stored potatoes (in some cases)-.”^ 

Further experiments with methods of storage would seem, 
therefore, desirable, and in conducting these, the temperature and 
moisture relations of the various organisms will have to be borne in 
mind. It hS.s been found that the dry rot F’Msafww fungus and the 
fungus Sclerotiimi Rolfsii glow best at temperatures between 25°C. 
and 30°C., but that they also grow fairly well at the lower tempera- 
ture of 20°C. ; this would suggest that the temperature of storage 

must be at least reduced to 20°C. Indeed American writers® 

'' ' ^ ■ ■ ■ . ■ ' ■" 

^ Ibid., pp. 95^96. 3 p, 95^ 

Ibid., i)p. 92-93. ^ Ibid., jx 67. 

^ Pratt, 0. A, Control of tlie powdery di’y rot of Western-potatoes caused by Fusarkm 
trichoihecioides. Jour. Agrl. Res,, VI, 1916. 
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recommend as low temperatures as 2° to 4°C. to prevent losses 
from Fusarium trichofhecioides, which is a dry rot fungus very 
similar to, if not identical with, our own dry rot Fusarium. If 
such low temperatures are found absolutely necessary to solve 
the potato problem of Western India, then the cold storage methods 
in Western countries will have to be adopted in this country also. 

It seems doubtful, however, if the resort to cold storage would 
pay in connection with a crop which covers only about five or six 
thousand acres in Western India, which is used as a more or less 
fancy vegetable and not a staple article of diet, and which is generally 
sold off by the growers immediately after harvest. The losses in 
storage, so far as they occur, are easily made up by the potato 
merchants by increase in price, which, in that case, affects only a 
comparatively small section of well-to-do buyers in a few big cities. 
Even in Germany^ where the potato crop in 1912 covered an 
acreage of 8,165,000, and where it forms not only an important staple 
cron for stock feeding and human consumption, but also an 


PEOTECTION OP CABBAGE AND KNOLKHOL 
SEEDLINGS PBOM PLEA-BEETLES. 


P. V. WAGLE, B.Ag., 

Entomological Assistant, Konkan. 

The growing of vegetables for the market, and particularly the 
cultivation of cabbage, knolkliol and other similar plants, is beset 
with many difficulties, but there are few which are more annoying 
and injurious than the way in Avhich the young seedlings are 
destroyed in the seed-beds by several insects, of which by far the 
most important are the flea-beetles. The present note deals with 
experiments made in the Konkan near Bombay to check the damage 
from these and similar pests. 

The flea-beetles are small bluish-coloured beetles, which, being 
furnished with powerful hind-legs, jump when disturbed almost as 
vigorously as fleas, from which faculty their name is derived. 
There appear to be majiy species of these in India, but most of 
them have not been identified, and about their life-history little is 
known. As the seedlings of many vegetables grow these beetles 
are often found in multitudes feeding on the leaves and leaving 
behind them numerous small round holes. The tender seedlings 
so attacked generally die. 

The measures previously adopted against these and similar 
seedling pests have chiefly consisted in collection of the insects by 
hand, spraying with kerosine emulsion and dusting of the plants 
with ashes previously treated with kerosine. Such remedies were 
tried in the present experiments but, when the pest was bad, none 
of them was satisfactory. Spraying and dusting of seedlings in 
seed-beds is in any case not very satisfactory as the frequent 

( ) 
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necessary watering tends to remove the materials irom r 
Wlien the insects are present in large numbers, collectins 
or bag proved almost impracticable. 

'■jbvo new methods were therefore tried. As the area oi 
is usually small, it was suggested that the whole of th( 
area should be enclosed by a fine-meslied curtain like a 
net. Two seed-beds, each three feet square, were prep 
sown with knolkhol seed. One was completely protec- 
curtain as described fixed on a bamboo frame, and aboui 
inches high. The lower sides of the curtain were weigh 
witli stones. The net was easily removed for wateiing 
then immediately replaced. The result was excellent. 1 
took place, whiie in a similar seed-bed without prote 
plants were miserable, stunted and several times sim 
inside, the net. The inevitable interference with 
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success and the damage by flea-beetle was reduced to very small 
dimensions. 

In actually carrying out the first of the methods above 
suggested, a kind of coarse woven cloth, locally available in the 
market, Avas found to be satisfactory. A piece ten feet long and 
thirty inches broad cost about a rupee. Three such pieces Acill 
cover a seed-bed covering forty square feet, the cost for making 
the complete net being only eight annas. Thus at a cost of Es. 3-8-0 
a seed-bed will be protected sufficient to plant out one-eighth of 
an acre and the curtains will last for four or five years. This will 
save an annual large loss in these expensive vegetable seeds, AA^ith 
a guarantee that the seedlings aauU be ready \Affien v'anted. 

The second method Avill only cost eight annas for making the 
tin plate Avith four annas for the mixture. By the use of this it 
is possible to clear seed-beds sufficient to plant out one acre of 
cabbage or knolkhol. 


A FEW OBSERVATIONS ON PADDY {ORYZA 
SATIVA) CROSSING.* 

BY 

S. G. SHARNGAPANI, B.Ag., 

Offg, Ecmiomic Botanist, Bengal. 

The paddy spikelet or flower offers some difficulties in successful 
crossing. Experience showed us that special methods must be 
em2)loYed in successfully crossing it. As a result we gradually 
evolved a method which is now nearly cent, per cent, successful. 
To understand the difficulties and to learn how they have been 
overcome, one must first learn the mechanism of the paddy flower. 

The paddy flower is composed of two short empty outer glumes 
usually not more than one-third the length of the inner glumes. 
I’hey are of no account in paddy crossing, for they neither help nor 
retard the crossing in any way. 

The inner glumes are generally two in number and though not 
differing from each other in size and texture, one of them (the 
third as it is called) is five-nerved and bears at its apgx an awn 
in all awned varieties of paddy. The other^ (fourth glume) is 
three-nerved and when removed bears av'ay witK it the ovary, the 
stigmas and a few of the stamens. The two inner glumes between 
themselves enclose the paddy grain. Inside the inner glumes are 
two broadly oval, small, thick, fleshy bodies, the lodicules. They 
play an important pa.rt in the opening of paddy flowers. 

The stamens are six in number. All are well developed 
fertile and functioning. In a mature spikelet held to light, they 
are seen to occupy about half the length of the entire spikelet. 

The ovary is unicellularf, a little longer than broad, smooth, 

and bears at its apex two styles with feathery , stigmas. 

' ' ' ■ ® ' ■ . ■ ■ ■ '■ , ' 

* Baxter read at tke ladiaa Scieace Congress, Lucknow, 1923. 

tin the double-rice paddy, however, the ovary may be bi-, tri-, or cxuadri-cellubir, the 
number of styles then becoming double the number of ceils present in the ovary. 

( 48 ) 
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The mistake that one is likely to make in crossing paddy is 
to consider the glumes as functioning the same as they do in the 


FlOBAi . JMMATURE SPIHELET 



case of wheat. In crossing wheat the glumes are usually snipped 
off with a pair of fine scissors before emasculation. The same 
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procedure cannot be followed in the case of paddy, becaTise the 
glumes are delicate, protective in function and form a part and 
parcel of the mature seed. If they are injured in any way likely to 
set up withering, the seed does not set. 

Paddy anthers usually burst just a little before the flower 
opens. We found by actual experience that emasculation must be 
done at the latest two hours before the flower opens. The two 
glumes are very gently pulled apart with fingers — no forceps should 
be used — and the stamens removed with a pair of fine bent forceps. 
About two hours later when paddy flowers begin to open, the 
emasculated flowers are pollinated and the ghmies are closed and 
tied up with a piece of fine silken thread. The tying helps to keep 
the glumes in their natural position. If the glumes are not tied 
ujj, they do not close properly and the percentage of successful 
crosses diminishes greatly. The tying up also does the work of 
bagging and no further bagging is necessary. 

The time at which the flowers open difiers with the time of 
the year when the paddy plant flowers. .For instance, cms or 
early paddy, wliich is sorvn in April-May and flowers in July-August, 
opens at about 7 a.m., while the sail or transplanted paddy 
which flow'ers in October opens at about 9 a.m. Weather conditions 
at' the time of flowering affect a good deal the time of opening, 
sunshine hastening the process and clouds and rain retarding. It 
has been found possible to cross the amSvith the aman or sail 
paddy and the aman again wuth the wild paddy, and some of 
the resultant crosses are yielding very interesting results. If it is 
intended to cross paddy -with ams paddy under ordinary field 
conditions, it is more convenient to grow the sa;il paddy in its proper 
season, and to grow the aws paddy out of its season' for the aiis 
can be made to grow and flower during the aman season while the 
sail paddy cannot be made to flower during the atis season. In 
crossing with the wild paddy it is important that the sail paddy 
should be used as the female parent and the wild paddy as the 
male, because the wild paddy spikelets* shed before the grains ■ 
mature. If the wild paddy is used as the female parent the crosses 
are shed before they are ripe, and are thus lost. 
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MJ]THODS OF PLANT BREEDING IN GENERAL * 

BY 

NEMESIO MENDIOLA, B.S.A., M.S., Ph.D., 

ConsuUing Plant Breeder, Bureau of Agriculture, and Associate 
Professor of Agronomy, College of Agriculture, Los Banos. 

Underlying improvement of different crops are some 
fundamental processes. Tliese do not vary, essentially, when 
applied to individual kinds. Variation lies merely in details wMeh. 
are learned only through experience. Given a basic understanding 
of the essential phases of plant breeding, one should not find it 
hard to develop a method of improvement applicable to a particular 
kind of material. 

Methods classified. 

The Various methods of plant amelioration may be classified 
under three main groups : namely, (1) selection, (2) hybridization, 
and (3) hybridization combined with selection. 

(1) Selection. 

Too often, the term, “ selection,” as a method of improvement 
in Genetics, is confused with other processes to which selection 
is popularly* applied. For example, it has been taken to mean 
varietal selection, that is, the choice and use of the best variety. 
Varietal selection within a species is indeed expedient especially 
when thousands of varieties exist. For, the elimination of those 
varieties which are^ not profitable to raise will improve the average 
jdeld of the varieties or the species. However this does not 
fall under genetic selection. Neither does selection mean in cereal 

* Reprinted from P/iiX bl jnV Re®., XVL No. L 
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improvement the' selection of the largest or the heaviest seeds 
although, again, it must be said that increased yield may be obtained 
by such a practice, for, in whatever way the biggest or the heaviest 
seeds be obtained— by hand picking or by the use of a fanning 
mill or by soaking the seeds in a brine solution where only the 
heaviest will not float, thus allowing their separation from the 
lighter ones — the seeds are freed from broken individuals and 
weed seeds. Weed seeds in the seed mean more expense in weeding 
and cultivation of the field, less moisture and food for the plants, 
and less yield and money for the farmer. Also, the larger and 
heavier seeds contain more stored food material for the embryo 
than the lighter and smaller ones, and under unfavourable conditions 
they are more likely to survive. Except these advantages, it is 
very doubtful, as far as yield is concerned, if the large and heavy 
seeds have any superiority over the smaller and lighter ones. 

It should be borne in mind that seed selection, as the term 
is used in Genetic literature, does not mean just selecting seeds, 
which are free from disease or other physical defects. True, the 
use of no seeds but those disease-free is to be preached, indeed this 
must be the practice on every farm, for it may happen that the 
disease on the seed will appear on the plant which grows therefrom. 
This would mean a diseased field which means poor yipld and a 
loss to the farmer. But even when only the best variety is grown, 
and only seeds which are free from brdken grains, from weed 
seeds and from diseases are used, there remains the fact that the 
yield may be poor, unless genetic selection, or strain selection, is 
practised. 

The reader doubtless knows the meaning of the sayings, “ It 
is the blood that counts,” and “ One is of bad ancestry.” We can 
just as truly say, " It is performance that counts.” When we 
desire to improve a given variety of plant by improving its yield 
through selection, what is really desired is to free a given stock 
from such blood, or strains as is responsible for low yield, and 
to obtain only plants that are high and su|)erior yielders. But it is 
usually impossible to tell from the appearance or from the size 
or weight of a seed whether the plant which it wiU produce will 
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be a poor yielder or a heavy yielder. In a given number of seeds 
from unselected plants, a plant from a large seed may actually 
yield less than a plant from a smaller seed. The appearance of 
seed should serve only sometimes as a guide in the selection of 
initial parent plants. The appearance of the plant does not 
always tell what kind of yield its progeny will give. Under certain 
circumstances, such as when a plant has more fruits than another 
because of more favourable soil conditions, the progeny of this 
more favoured plant, on account of less fertile soil, may actually 
yield less than that of the poorer looking individual. Since neither 
the appearance nor weight of a seed nor of the plant will tell us 
exactly what kind of yield the progeny will give, the final judgment 
of the yielding power must be based on the ancestry of the seed 
or plant or on the plant’s performance — on what it actually does. 
An example may make this point clear. Suppose, to improve 
the Filipino race it is desired to enact immigration laws that will 
prevent the entrance of feeble-minded strains into this country. 
These laws will prevent admission of immigrants which are feeble- 
minded, assuming that in this way the “ blood ” which carries 
feeble-mindedness will be excluded. But this assumption will not 
always hold good for even if one be not feeble-minded, he may be a 
carrier of •defective germplasm which bears the determiners for 
feeble-mindedness and, if allowed to reproduce, may in time be the 
parent of feeble-mfinded children. The prevention, therefore, of the 
entrance of feeble-minded “ blood ” into the Islands could not depend 
only upon the appearance of the incoming immigrant but also on 
his ancestry, just as the hereditary yielding capacity of a grain or 
seed is best judged from the performance of its parent plant. In 
brief, then, proper selection is to be based not on appearance alone, 
but on performance also. Tliis being true, to get any maximum 
improvement of the yield of a variety ultimately consists in the 
isolation of the strain in that variety. 

Selection may. be of different kinds : (a) mass selection, 
(6) line seleGtion, (c) clonal selection, and (d) bud selection. 

{a) In niass selection we proceed somewhat as follows: Bearing 
in mind the object of the selection, individuals are selected on 
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s ? tlie basis of this object and then are planted in a mass. Selection 

I ' - must be made intelligently, in the manner amd at such time as will 

insure the best results. Oftentimes, this cannot be done except 
;> in the field when the crop is mature. We may illustrate this with 

, corn. If the object of selection is to improve the yield, intelligent 

‘j , selection of seed ears is not made in the pile, for here we have 

:1 , no way of knowing which ears come from high yielding strains 

|} I'; and which come from the inferior sorts. Sometimes .superficial 

1| I' examination is sufficient to enable one to choose the desirable 

f' J individuals. Sometimes, however, different methods of analysis 

' * are employed to decide which plants are to be selected and which 

' are to be discarded. Chemical and other analyses are used; also 

C the scale and balance; and the performance record is kept for 

several years. 

For mass selection to be of the greatest value it’ must be 
continuous until the limit of improvement is reached. For purposes 
of demonstration or to determine if any progress and how much 
is being made, it is necessary to plant a check side by side with 
selection. The check consists of a portion of the original material. 
The material left after selection does not serve as a proper check, 
neither does a portion of the material from which the inferior 
strains have been taken away constitute a proper check. 

In the absence of check cultures, the progress of selection 
may be determined by comparing the perlormanee of the selected 
crop with the average performance of the variety for five or more 
years in the locality or region. When one is familiar with his 
crop and soil, it may be possible for him to tell when he is getting 
any improvement even if either the direct or the indirect check 
for comparison is lacking. However, this is true only under 
average conditions, If for any reason the crops sufl’er from 
unfavourable conditions and become abnormal, then it will be 
difficult, if not impossible, to diagnose progress. 

When check cultures are run at the same time as the selection 
tests, one point should be borne in mind, and that is genetic 
contamination. The selected plantings should not be allowed to 
cross with the check or with any other material. For this reason it 
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is advisable to carry out the selection cultures in an isolated field 
and to screen them lipom the check by planting border plants 
several rows deep. These plants may be of the selection itself, in 
Avhich case they should be discarded after harvest, or they may 
belong to another but faster growing species. Whatever is used, 
the screen must be effective. With tobacco, contamination is 
prevented by producing the seeds under bags. 

When the plant is self -fertilizing and is not subject to any 
amount of cross-breeding, the precautions given above are 
unnecessary. 

It should be emphasized here that in selection, the individual 
plant is the unit. This point is likely to be overlooked under 
certain circumstances. For instance, when several seeds of a 
crop are planted in a hill, the hill is sometimes taken as the unit. 
It is evident that, in so doing, the choice of individuals becomes 
a hit-or-miss afiair. This is well illustrated and discussed fully 
under mass selection in rice. 

The improvement in mass selection is obtained slowly and in 
this respect it is inferior to line selection. It has the advantage, 
however, of being practically non-technical and hence easy to use. 
Mass selection has been used with cotton, and with rice, corn, and 
other cerejils. 

(b) Line selection consists in the testing of the progeny of 
single individual plant. * Le Couteur and Shirreif w'ere the first to 
use this method. The progeny test was specially used by Louis 
Vilmorin and line selection is sometimes called the “ Vilmorin 
Method.” 

The initial selection of plants in line selection does not difier 
at all from 'that of mass selection. Generally, however, fewer 
individuals are selected in line selection. The critical difierence 
between the two methods is that in line selection the progeny of 
each selected parent plant is tested separately. The method of 
planting is often termed “ head-to-the-row,” “ plant-to-the-row, 
or “ ear-to-the-row,” meaning that the seeds from one single head, 
plant, or ear are planted in one row. Not all the seeds from one 
plant need be planted, only sufficient to give a fair sample. One 
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Irandred offspring' are generally sufficient to represent the strain. 
When about 100 seeds are sown in a row, the method of planting 
is termed “ cent-gener method.” This was first used by Hays of 
Minnesota in grain breeding. 

Each year, the most promising lines or strains are saved and 
tested. This is done until the few really superior sorts are discovered, 
or the best single sort, then the seeds of each line may be 
multiplied as fast as possible and introduced into the seed trade 
or into the general farming. The critical point in line selection is 
the isolation of the best single strain. It were better if we called 
the process, isolation. Strictly speaking, no further selection is 
necessary if the isolation is done properly. Of course, care must be 
taken that no seed of inferior race contaminates the improved 
stock. 

Line selection has been the important method of plant 
improvement followed in the Swedish Seed Station at Svalof. 
Here the method came to be known as the “ System Pedigree ” 
or “ Separate Culture.” 

Line selection is easily applicable to naturally self-fertilized 
plants or to those reproducing vegetatively. Among them there is 
practically no out-breeding. When applied to naturally cross-fertilized 
plants, selected parent plants should be guarded and rprevented 
from crossing with any other plant in the same row or in another 
row. Either mechanical or genetic contammation by inferior strains 
will cause a gradual loss of improvement in proportion as the seeds 
of inferior quality supplant the improved ones. Moreover, the 
selected plants should be self-pollinated. 

(c) Clonal sdednon. The term “ cion,” from which the adjective 
“ clonal ” is derived, is applied to a pure line nrodnced a.sp,xnfl,nv 
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Common examples of cions are found in fields of potatoes, ot 
abaca {Musa textiles Nee), of plant canes (distinguished from 
seedling canes), of ordinary plantings of cassava and pineapple. 

(d) Bud selection is closely related to clonal selection. Bud 
selection has been used mainly in fruit improvement. It is generally 
known that bud mutations or bud sports occur in fruit trees. 
Many important commercial varieties of fruit existing at the present 
day originated as bud sports. The Washington navel orange is a 
familiar example. 

In the Philippines, bud selection has a promising future. We 
practically have no seedless variety of any pomological crop. 
We are looking ahead to the day when one may eat the delicious 
lanzon without having to be bothered with its bitter seed. We 
anticipate similar improvement with mango, mabolo, and other 
fruits. Bureau of Agriculture officials verbally claim that there is 
now a seedless duliat {Eugenia jambolana Lam.) variety which 
is in the way of propagation. 

(2) Hybridization. 

Objects. Hybridization is performed with one of three main 
objects in view. These objects are : {a) To bring about increased 
variability, that is, to “ break the type ” ; (&) to get a combination 
of certain desirable characters ; and (c) to obtain increased vigour 
which is supposed to b*e due to heterosis, or the heterozygosity 
of the hybrids. 

Aspects. When the object of hybridization is to test or 
further study any or all of the phases of the Mendelian laws of 
heredity or to obtain hybrids from parents of known purity it is a 
purely scientific aspect. In this kind of work control of parentage 
is important. Because the operation is quite technical and 
consumes a good deal of time, it cannot be done on a commercial 
scale. 

Hybridization jias also been performed for a purely commercial 
or utilitarian reason and without strict adherence to scientific 
precedents and procedures. The work of Burbank, of which more 
will be said later, as well as the work of hortieultmists are good 
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examples of this phase of hybridization. For convenience, I will 
designate this kind of work as commercial hybridization. 

Technique of hybridization {purely scientific). A prerequisite for 
this work is familiarity with the sexual group of plants and the 
pollination habits of the flowers. 

Generally, plants may be classed under three groups : 
(a) Dimcious, (b) monoecious, and (c) hermaphrodite. In dioecious 
plants, one sex is in one individual, while the opposite sex is in 
another. It has become a custom to call the plant carrying the 
male sex, a male plant ; and the female sex, a female plant. We 
have, for example, a male papaya {Carica paqmja L.) tree and 
a female papaya tree. If a plant carries both sexes and if one sex 
is not functional or functions at a difi^erent time than the other, 
it is, for all practical purpose, a one-sexed individual. We find an 
example of the first case in papaya also, and of the second in 
Musa teortilcs. (b) In the monoecious group both sexes are in 
the same individual but in different parts of the plant. Corn 
and cucumbers are good examples of monoecious plants, (c) When 
a plant possesses both the male and female sex organs in the same 
flower and when both sexes are functional, it is said to be 
hermaplu'oditic plant or to be a hermaphrodite. Many of the 
cultivated crops belong to this group. , 

Besides a knowledge of the groups described above, a hybridizer 
must know a number of other points about‘'the flower. These are ; 
(1) Structure, (2) relative time of maturity of stamens and pistils, 

(3) the quantity of poUen necessary for a good setting of seeds, 

(4) the length of time at which the pollen remains viable, (5) the 
amount of injury the female flower will stand, (6) whether the 
flower is self-fertilizing exclusively or whether it admits of a certain 
amount of cross-fertihzation, (7) conditions of the pistil wFen 
fully ripe or receptive of pollen, (8) approximate length of time 
from pollination to fertilization, (9) the relative position of male 
and female flowers in the same tree, or of the male and female 
parts in the same flow'-er (whether the ahther is above the pistil 
so that the poUen drops naturally upon the stigma or whether it 
is below, necessitating some pollinating agent), (10) the number 
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of anthers, (1!) ina nner and time of dehiscence of pollen, etc. Some 
of these points may be learned before starting hybridizing work, 
while others are found out only through experience. 

It should be emphasized that, in careful hybridization work, the 
essential thing is to control parentage absolutely. Hybridization 
may be further explained by giving specific procedure with different 
groups of plants. 

With dioecious plants, there is selected one plant for female 
and one for male. Certain buds of these plants are selected and 
bagged. It is preferable that tiiese buds should be of the same 
age. The reason for bagging the buds is to protect them from 
foreign pollen. For most accurate y/ork, it is always necessary to 
bag the male flowers as there is always the chance of insects visiting 
the flowers after they have been on other flowers. This is not 
imagination ; in very careful bagging work contamination of pollen 
has been known. With monoecious plants the male and female 
clusters are bagged separately. 

With perfect flowers, that is, with hermaphroditic flowers, the 
procedure is somewhat different. Here, emasculation, that is, 
the removal of male parts to render the flower essentially female, 
is practised. Emasculation must be done some time before the 
pollen matures, that is, during the bud stage. After deciding on 
the parent plants ^that are to be used, a few buds are picked out 
ou the female plant. All other buds aud flowers likely to be included 
by the bag are removed. Even a single bud left in the same bag with 
the emasculated flower may spoil the work, as the pollen from the 
non-emasculated flower is almost sure to come out and settle on 
the stigma of the emasculated one. With a pair of small forceps, 
the floral envelope is cut off on one side. In some cases the top 
portion may be , cut off or even the whole perianth may be removed 
without causing injuiy to the flower. In fact, it is advisable in 
some cases to remove the whole corolla. However, some flowers 
are so sensitive th&t any great injury done them will prevent the 
setting of seeds. Experience alone will tell what flowers are thus 
sensitive and what flowers are not. After cutting the floral envelop 
either in part or in whole, the forceps are thrust into the flower 
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and every single anfJier is removed. Every single anther must he 
removed for, if any anther is left, it will produce pollen, a condition 
to be avoided. It is not advisable in this process of removal of 
anthers to hold the anthers themselves, for in doing so there is 
always a possibility of breaking the pollen sac, and when this takes 
place, some pollen grains may drop and later mature. As soon as 
all anthers are removed, there remains essentially a female flower, 
but at this stage, it is not yet ready for pollination. So it is bagged 
and left for three or four days, even a week, for the stigma to 
develop to the proper age. The flower is tagged. On the tag some 
symbols are written which will show the date of emasculation and 
what treatment is to be given, and about when it will receive this 
treatment. The tag may include with Avhat parent plant it will 
have to be crossed. For bags there are used small bags which will 
remain waterproof for several days. 

At the same time that the female flower is bagged the male 
plant is selected and some buds are bagged without previous 
emasculation. As with the female flower all other flowers are 
removed as these may have some foreign pollen brought to 
them. 

The length of time from pollination to fertilization depends 
on the condition of the bud and the weather conditions.- Cloudy 
days delay pollination while bright days' hasten it. . At least 24 hours 
are usually needed. 

When the male and female parts are ready for pollination can 
be told by their colour. They usually become darker, also viscid 
and sticky due to secretion of different sugar solutions by the 
ceils. When they are ready the male parts are brought to the 
female ; the bag of the female is removed very carefully and the 
pollen is rubbed on the stigma. 

Some plant breeders make it a practice to use a watch glass 
for holding pollen and a camel’s-hair brush for transferring pollen 
from the glass to the stigma. These helps may be ail right if only 
one kind of pollen is to be used ; if several kinds are used, the 
glass and brush may be sterilized by dipping them in alcohol. But 
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After pollination, the female new pollinated flowers are rebagged 
and a record is then taken. The flowers are left bagged until 
danger from contamination is over. 

If fertilization takes place can be told from the discoloration 
of style and stigma. When the stigma has wilted, the bag may 
be removed and, after this, the rest of the work is simply taking 
care of the fruit or seeds until they are ready to harvest. If the 
flowers are of such a nature that there is danger of losing the seeds 
by bursting, the flowers or ovaries are kept in a kind of a cage. 

After harvesting, the seeds are taken good care of in drying 
and storage. 

When these seeds are planted, the resulting plants are the Fj 
plants. At the same time the seeds are planted some parent 
plants are self-pollinated and plants grown from the self-pollinated 
seeds for comparison. If the offspring of the self-pollinated parents 
show great variability, the Fj plants are to be discarded. 

It is a good plan to make back crosses of both parents, that 
is, to use pollen of each and pollinate flowers of the Fj plants. 
The bulk of seeds Fg will come from self-fertilized F^. Sometimes, 
plants have flowers which are self-fertile. In other cases artificial 
pollination is necessary. 

Records. Keeping records is so important that some plant 
breeders spend more time in record keeping than in actual handling 
of the plants. -The following points should be recorded not 
only on the tag or label left with the plant but also in the record 
book: .Date of emasculation; the number or designation of the 
male parent ; and the date of pollination. In the record book 
should appear, also, a record of the male and female parents and 
a description of such characters as are involved in the studv. 

The hybridizer’s worhing oidfit. For general purposes the tools 
herein named are needed. A small good-powered hand lens to use 
in examination of small floral parts and a small pair of scissors with 
slightly bent blades about two and one-half centimeters long. For 
very small flowers, a small pair of surgeon's scissors with blades 
about one centimeter long is very convenient. Forceps are useful 
in removing petals and anthers. Small containers for pollen and 
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some moist clianiDer lor iceepiug puueu ui xxiuist uuixixixiuix 
should form part of the outfit. Small-sized mercJiandise tags and 

small-sized camel’s-hair brushes may be added. 

The nature and pollinating habits of the flowers oftentimes 
determine the special tools to be used. There are flowers such 
as of the alfalfa, which are bound to be pollinated while handling 
them. The emasculation of this type of flowers has caused some 

lial tools for the process. Information 
well given by Oliver (1910) of the United States 


plant breeders to devise spec 
along this line is 
Department of Agriculture. 

Tlie choice of material for bagging entire plants is sometimes 
a problem to the breeder, and the following suggestions by the 
Howards (1920) may be useful. They claim that when they got their 
best results they used cylindrical muslin covers in the Botanical 
area at Pusa. The covers were on frames consisting of three 
banrboo rings. For most purposes the cylinders need not exceed 
a length of 75 centimeters and a diameter of 30 centimeters : the 
size may be varied according to the object to be bagged. An 
advantage claimed for this kind of cover is that it allows a greater 
percentage of setting. The muslin covers are easily washed after 
use and they last for two seasons. It is said, also, that no cases 
of cross-fertilization have been detected through their use. 

The preservation of the viability of pollen, is another problem 
which is met with when the pollen has to be shipped a long distance, 
as from one country to another. The viability of grape-fruit and 
tangelo pollen has been preserved for six weeks after the pollen 
grains were gathered, permitting them to be sent from Florida 
to Japan. The method used in this drying was reported by 
Miss Kellerman (1915) as follows : 

* * * Anthers in dried vacuum glass tubes, i. e., tube filled with 1 — 2 inches, cotton 
^ inch, exhausted to about 0*5 mm. pressure in the presence of sulphuric acid, the tube then 
sealed. As far as practicable the pollen was kept at a temperature of 10° C. until sealed. 

Commercial hybridization . The best example of this work is 
that of Luther Burbank of California whom some people call a 
“plant wizard,” a name which Burbanl?:, how'ever, regrets being 
applied to him. 


iillH 
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The life and the work of this wonderful worker is described 
by Hardwood (1919) in a book. 

The folloMung quotations from this book will give a very 
helpful idea of the method with which Burbank has been able to 
accomplish his very well known work : . 

Instead of one or two experiments underway at the same time he may hare fire liiiadred 
at once, all rec|niring constant siiperrision, many of them extending over a period of perhaps 
ten years before they come to fraition. Instead of having a few square feet of ground or a few 
pots under glass, he uses acres of ground, if necessary, in a single test. In place of contentiao’ 
himself mth a half dozen, or even fifty, plants, in making a given test, he uses if neoessirg a 
million, all of them pressing forward in a million similar ways toward the same end And 
out of the million he saves perhaps in the last sifting but one, and that one the best of all. 

^ * * He is confined to no one species nor to any one line of combuiations. The whole 

world is Ids field, and he niake.s his selections and forms his combinations in absolute disr3(:yard 
of all precedent. The end in view is the point, how to reach it most directly. It may be almif/ 
so-called scientific lines, it may be in absolutely new and original paths— more likely the latter 
— but the means are the non-essentials, the end is paramount. 

Hardwood quotes the following advice and warning from 
Burbank : 

The plant breeder, before making combinations, should with great care select the 
individual plants which seem best adapted to his purpose, a.s by this course many years of 
experiment and much needless expense will be avoided. 

Quoting Hardwood again : 

But Mr. Burbank does not recommend any difficult problems for the amateur ; rather, he 
insists on the very simplest ones to begin with. He places confidence, the confidence which 
comes from ha-ving accomplished something, as the initial essential * ’k. 

And to this^end he iirges taking up a single flower to begin with, never a composite one. 

When a certain flower =«* * * been decided on, the pollen from one of the two 

that are going to be crossed in order to give birth to a third that, it is hoped, shall be better 
than either parent, is gathered upon a little saucer or a watch-crystal, taken to the flower which 
has been chosen as mate, and dusted down upon its stigma. Then this little flower should be 
isolated from its fellows and guarded carefully. A paper tag should be fastened to it for 
identification. Mr. Burbank says to watch the bees, and when they are first a- wing upon their 
day’s work, be sure the flowers are ready to be pollinated. 

He says it is wholly unnecessary in ordinary plant breeding to attempt to cover the flower 
with a screen of tissue paper or gauze. This method has been followed by some in the belief 
that they wei-e thereby preventing insects from coming in and destroymg the pollinating, but 
he holds that, save in some particular cases, the act is not only absurd but absolutely harmful 
and more than likely to injure the flower by keeping light and air away from it as to frustrate 
the very end aimed at. If the pollinating has been thorough, nature may safely be left to do 
the ' rest. 

Great care also should be exercised in saving the seeds of the plants under test. He 
recommends air-tight glass jars for the purpose. The jars should be kept in some secure place— 
it is beyond the power of anj^ mind tci say how precious these seeds may prove to be. 

From the plants that grow from the new seeds only one should be chosen, the very best 
of all, the one which is the thriftiest, the best bearing, the nearest to the ideal. The seeds 
from this one plant should be in turn iflanted, and then from a very few of the very best 
plants enough plants saved out to insure a somewhat larger crop for the next generation. Then 
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this lari-M soneratlon only the very best one should be saved. Mr. Burbank lays sp^ial 
stress upon tliis-to .>iave only one and that the verj' best of all ; no matter if there be hundred 

plants nr a thousand, save only the veiy best ^ 

According to Hardwood, Burbank’s success in being able to 
judge his plant accurately and pick out the best individual from 
hundreds and thousands depends on his intuition. 

For an amateur, Burbank suggests an outfit consisting of a 
pair of jeweller’s forceps or pincers, a jeweller’s eyeglass, a small 
but powerful microscope, a sharp knife, a saucer for holding the 
pollen, a soft brush for sifting or dusting the pollen from the saucer 
to the stigma of the plant to be fertilized. It appears that Burbank 
himself makes use of any or all of these, sometimes those devised 
by himself, but chiefly he performs hybridization by securing the 
pollen upon a watch-crystal and placing it upon the stigma with 
his finger-tips. 

(3) Hybridization combined avith selection. 

After a hybrid population is obtained, the next step in 
improvement consists in the isolation or selection of the best hybrid 
individual. A hybrid population may often consist of different 
genotypes and phenotypes. The selection of the best strains may 
be made either by natural selection or by artificial selection. 

In artificial selection results may more quickly be obtained 
])y using line selection. The test of the progeny of each hybrid 
parent will show at once which parent produces segregation. If 
the selection be for homozygous individual with respect to a certain 
character, any test row showing heterozygosity may be eliminated 
immediately. From the rows which are saved, a number of plants 
are to be selfed and guarded to prevent crossing Avith the other 
plants. Repeated line tests Avill ultimately reveal the line desired. 
In vegetatively propagated crops, if a desirable hybrid plant is 
once obtained, “ fixation ” of desirable characters is accomplished 
immediately as it is only necessary to propagate the plant by 
cuttings, buds or other vegetathm parts^. Segsegation is, at once, 
prevented this way. 

The selection of desirable lines in a population may be left to 
nature. An example of this practice is found in the work of the 
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Svalof Station. In Newman’s (1912) book, we read : “ Still 
anotlier course of procedure in crossing work, especially witli autumn 
wheat, has begun to be practised at Svalof, viz., the creating of 
po'pidatiom. Two known sorts are crossed and the whole progeny 
from all second and succeeding generations is sown together 
en masse. The object of this plan is to allow the severe conditions 
of ■winter and early spring to either destroy or expose the weakness 
of as many of the more delicate combinations as possible. In the 
latter case the breeder is given an opportunity of assisting nature 
in her work of elimination by practising a form of mass selection. 
While there is thus effected in a very simple manner, a gradual 
weeding out of a great mass of unfit combinations, the progeny of 
a crossing at the time gradually assumes the character of an ordinary 
mixed population, the difierent combinations becoming automatically 
constant as time passes.” 

What may he hylmdized. This is a question that always 
assails the curiosity of would-be plant breeders. The tendency of 
amateur hybridists is to attempt crossing widely related forms. 
Will mango cross with the lanzon and what kind of a looking fruit 
will be obtained from the work is the type of question quite often 
asked. Compatibility between two individual plants is indicated, 
it would ^eem, by their systematic position. Crosses between 
families are unknown. Bet'ween genera there are only a few cases. 
We have the teosinte-m^ize cross. Several foreign cases of this 
are known. We have a case of a natural cross between these two 
plants in the College of Agriculture. In 1918 one-half of a trial 
plot in this College was planted to teosinte and the other half to 
maize, Zea Mays indurata Mitm. The corn variety was Blanco 
Quarentano introduced into the College through Doctor Weston, 
of the United States Department of Agriculture. Seeds were 
harvested from the maize culture and planted. Out of 43 plants 
produced, 40 were somewhat intermediate in appearance between 
corn and teosinte. . The other three plants looked like normal 
corn plants, except that they did not produce any ear. Likewise 
from teosinte seeds, hybrids were produced. Teosinte’s specific 
name is EmMcena mexicana Schrad. Collins and Kempton (1920) 

6 
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cli!ii‘;icterizea by a great amounr. oi vigour wmeu was t-viucuu xiuin 
tlie illustration. TTowever, the hybrid was absolutely sterile. 

In species hybrids, a very much greater number of cases 
are found than in inter-generic crosses. Collins (1917) crossed 
7jea ramosa and Zea timimta and found that these species behave 
in a Mendelian fashion. 

In 1908, Wester (1915) crossed sugar apple {Annona squamosa) 
and cherimoya (Annona cherimol'M). It is said that tlie hybrid 
plants “ greatly surpass the parents in vigour, and are very similar 
in habit, stems, leaves, and flowers to the cherimoya.” 

Babcock and Clausen (1918) cite crosses between Antirfhinum 
molle and A. niajus ;■ Nicotiam alaia and N. langsdorffii ; N. alata 
and N. sanderw ; N. lancjsdorffi.i and N. sanderce ; N. rmtica and 
N. fanimlata ; Ah paniculata and N. langsdorffii ; N. suaveolens 
and N. mao'oqdiylla ; N. sylvestris and iV. tahaciim : Digitalis 
jmrpiirea and D. liitea and between Oenothera biennis and Q. muricata. 
It is declared that while many of the first generation hybrids in 
species crosses are more vigorous than either ’parent, others are 
exceedingly weak. 


Commercialization of improved seeds. 

The method of introduction of an improved sort of seeds into 
general agriculture is something that demands serious study and 
consideration on the part of plant-breeding students. The value 
of improved seeds lasts as long as their purity is maintained. 
Once this is impaired, once contamination by. inferior material 
takes place, a gradual “ running out ” or diminution of its value 
may be expected. 

Experience in the United States has shown that ordinary 
farmers cannot very well be relied upon to multiply and guard 
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selected seeds from contamination or other unfavourable effects. 

Hence, the Government does most of the multiplication ' work. 

I When the United States Department of AgTieulture has a newly | 

introduced variety for trial, it is generally sent to different state 
experiment stations or agricultural colleges where it is tested and, 
if found desirable, multiplied, or sub-tested if necessary, in different 
, counties and introduced into general farming. When farmers have 

to do the multiplication work, it appears that it is necessary to 
establish, a system of supervision and inspection under which 
technical men can see that the rvork is done properly. Where the 
farmers have had training in technical agriculture, such as those 
who are graduates of agricultural colleges or who have taken short 
courses in these institutions, the supervision system is not always 
necessary. 

Probably an ideal agency for the commercialization of improved 
seeds consists in a seed growers’ association which may be placed 
i in charge of the commercialization of the improved seeds that the 

Government isolates. In this association the members are either 
plant breeders themselves, or those who understand the principles 
of technical breeding. Each member has a plot in which he grow-s 
his seeds. He himself sees that impurities do not enter into the 
material from planting to the time it is sold. The association 
certifies to the purity of the seeds when these are sent to the market. 

This method is s^nilar to that followed successfully in Ca,nada by 
the Canadian Seed Growers’ Associations and in Europe by the 
Sivedish Seed Associations. These associations are subsidized by 
their respective governments. 

The Tropics have not yet reached the stage when seed growing 
is a common business and w'hen the seed growers are particular 
about their seeds. Undoubtedly, the time 'will come when as a 
result of agricultural evolution, the method found so successful in 
Europe and the United States wfill be adopted in the Tropics, 
d Meanwhile, improved seeds are generally distributed in small 

amounts direct to the common farmers who are left to multiply 
them, the Government purchasing the greater part of the harvest 
, for another and wider distribution. In the Philippines especially, 
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this jias to be done in response to insistent public demand for 
proofs of what the Government accomplishes in the way of 
agricultural improvement. Such a procedure is unscientific and 
wasteful ; for the seeds soon become impure before they could benefit 
a greater number of growers. The Government, perforce, allows 
the peo]de to profit from the results of technical work rather 
prematurely. It is believed that, in the long run, better results would 
be obtained and economy effected, if the seed institutions of the 
Government were made to handle improved seeds until sufficient 
amount was available for a very much greater and more general 
distribution. This should be done until the work is taken up by 
some seed association that can handle it properly. 

The following account by the Howards (1912) of a system of 
seed distribution to cultivators in India is of interest : 

Amom tlie successful schemes of seed distribution in Madras the replacement of the mixed 
Crop by a ])iire! Karungani cotton in the Tinneveliy .District is a notable achievement. This 
variety, originally found in a pure cotton tract, was tested on the Koilpatti Farm and proved 
to be a gi'cat advance on the local mixture. A system of seed distribution was then gradually 
built up, and, at the present time, after five years’ work, there are 80,000 acres of this cotton 
in the district. The agricultural farm grows sufficient cotton to supifiy the contract seed growers 
and buys the unginned seed from these men, gins it and arranges the distribution of the seed 
to the village depots before the sowing season. Each depot supi>lies two or three villages and a 
suitable man is selected as the depot keeper wiio retails the seed under departmental sujiervision at 
a fixed rate and on a commission of annas four per bag. The village is regarded as the unit and t 

every effort is made to get all the growers in each village to take up tlie seed. It is important to 
notice that the procedure follows that of the best seed growers in Europe and thalf the seed grown 
by the contractors is under strict control and comes back to the department every year. 

In the Central Provinces, equally stril?ing examples #.re furffished by the Agricultural 
Dcpaitment. In the cotton tracts the work of seed distribution is •confined to two suitable 
kinds, and a fairly large supj^ly of seed is produced on the Government farms wdiich is 
distributed to private seed growlers who themselves retail their seed to the cultivators. In the 
wheat-growing tracts of this province, the efforts of the department are coneemed with distributing 
pure soft white wheat to selected malguzais who uve members of the District Agricultural 
Ass«jciations. Eacli man agrees to sow a laige area and to provide suitable arrangements for 
storing the seed and threshing the crop. In this way it is expected that beginning from a central 
farm a gradually increasing area of the wdieat tract wdll be sowui -with one* wheat only to the 
great advantage of the grow'ers and the trade. 

The main features of the above examples are that seed distribution starts from a central 
farm and gradually spreads outwards. The assistance of the best farmers is enlisted, the seed 
is fully charged for and the work is eonducted in tracts where markets already exist .for the 
produce. ^ ^ 
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iNTEODUCTIOIf. 

The occasional occurrence in cotton fabrics of liairs wliich 
resist dye and remain wliite bas been known for some time. As 
early as 1848, attention was called to it by M. Daniel Koeclilin- 
Schouchi of Mulliouse, and lie suggested that unripe cotton was 
responsible for the defect. The question was investigated bv 
Cimn," and at a more recent period Haller® and Herzog^ have 
made contributions to our knowledge of the subject. 

Crum found the undyed portions of the cloth to consist 
of hairs with remarlcably thin and transparent blades, readily 
distinguishable from ordinary cotton by their perfect flatness and by 
their uniformly great transparency. The ribbon width was seen 
to be greater than that of normal hairs and to show numerous 
longitudinal and transverse folds. Searching among the motes 
rejected by tlie. “ picking machine,” he found what appeared to be 
the same type of hair, in the form of small matted tufts of silky lustre, 
several of which enclosed the fragment of a seed or, occasionally, an 
imperfect seed. Crum noticed that small tufts did sometimes pass 

* Reprintoa from Jnnr. Te-s. I mi., XIV, Ho. .5. 

^Crookes. A- Practical JlmidboolAcf Di/ehig and Oalico-Printhig, lS7i. 

1843, l,m;18i9,3,Ql; Jour.Ghem.Soc., 

1803, 16, 1, 4J4. 

“Haller. Ohem. Zeil., 1908, 32, 838-839. 

*Hei”zog. C’Aem. ZeU, 1914, 38, 1089-1037. 
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the sifting; process of ttie “ picking ” machine, ultimately appearing 
in the cloth as minute lumps or knots, and showing white in the 
dyed fabric. An examination of specimen of dried bolls enabled 
Crum to trace the real nature of the thin-walled hairs and to make 
the following observations : — 

]. The contents of capsules unopened and slightly opened 
consisted of thin- walled hairs* or, as Crum called them, dead cotton 
fibres. 

2. In more fully-developed capsules, the ordinary cotton 
appeared where it had pushed its way out. Seeds nearer the calyx 
in the same loculus were clothed with the solid mass, chiefly 
consisting of the glassy, though transparent, hairs. 

3. The glassy hairs frequently appeared in pods of ripe cotton 
in discoloured spots, manifesting signs of injury before maturity. 

4. Small portions of dead cotton were seen, though rarely^, 
in the outer part of the wall of well-clothed and ripe cotton seeds. 

5 . Small glazed tufts in cotton bales, appearing to have 
separated from the stem through which they derived nourishment, 
were of frequent occurrence. 

Crum pointed out that a distinct gradation is perceptible under 
the microscope in different specimens, ranging from dead to normal. 
He stated that the glassy hairs correspond with hhe cellular 
membrane, which was described by the earlier botanists as a 
primary formation in young plants, possessing a considerable 
degree of toughness and a certain amount of elasticity, having no 
perceptible orifices, and yet readily permeable by w^ater. 

The dead cotton was observed principally in stydes employing 
indigo, chrome-orange, aniline-violet fixed with tannin^ or aluminium 
and iron mordants, where the dyms were attached to the cloth lyv 
deposition from basic solutions of their salts. By^ this mefhod of 
fixing, with iron and alumina, w'hite spots appeared which, so Ci'um 
believed, would not have been discernible if ordinary mordants had 
been employed. On examining fabric (\yed with, a safflower-pink, 
however, Crum observed that the dead cotton seeir.ed to j'a%'e 


* From the botanical point of view the term cotton hair is pref“era,ble to cotton tibre.'’ 
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attracted its full proportion of dye and the same' was tlie case with 
Prussian-blue produced from stanhate of iron. By repeated dips 
in the indigo vat, the dead cotton was concealed if not otherwise 
dyed. 

Haller agrees with Crum that the occasional hairs which do not 
take the dyestuff are really unripe cotton, as the following summary 
of his observations indicates. Under the microscope, the lumen 
of this type of hair is seen to contain a considerable quantity of 
matter, and the hairs do not appear to be convoluted so much. 
When treated with “ cuprammonium ” the hairs swell up, but do 
not go into solution. On treating a mixture of ripe and unripe 
hairs with a solution of iodine in zinc chloride, the unripe hairs 
quickly develop a blue colour which appears much more slowly 
with the ripe hairs. A solution of iodine in potassium iodide colours 
the ripe hairs a dark brown, unripe hairs acquiring only a light 
yellow colour-. In IS per cent, sodiimi hydroxide solution, the 
unripe hairs retain their convolutions, and only become lighter 
and more transparent. On dyeing with direct dyes the unripe 
hairs acquire the deeper colour. Treated with tannin-antimoiiv 
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have a rich protoplasmic residue in. the lumen which enables them 
to absorb substantive dyestuffs more readily than normal hairs. 
Dead hairs are considered to possess no appreciable cell contents. 


Examination of faults submitted. 

Certain goods from the Calico Printers’ Federation, dyed alizarin 
style, exhibited defects consisting in the appearance of lighter 
motes showing up on the dyed background, and in a streaky effect 
due to irregular variations in the shade of the dyed background. 
The opinion of the calico printers who submitted the goods was that 
the white motes are due to “neps,” i.e., clusters of short folded 
immature hairs which failed to absorb either the dye or the mordant 
or both. They believed that the streaky effect is due to some 
inferior quality in tlie cloth receiving its maximum expression in 
the motes, and stated that the fault is most prevalent in goods dyed 
with alizarins, para-red and indigo. 

The results of examination of the fault will be dealt \vith under 
the following headings — {a) Tlie motes, (b) the streaks, and 
(c) the grey cloth. 

The tnotes. The defects due to motes are of the follo'rring jirain 
types 

1. A nep which is only loosely incorporated in the yarn 

becomes detached after printing, leaving a white area 
below. * • 

2. A loose end of yarn becomes detached or moved to one 

side after printing and exposes a white patcli below. 

3. Small white specks involving a large number of hairs, 

all of ivhicii proved to be dyed normally at otlser 
portions of their lengtii. The specks of this tv'pe are 
confined to a single strand of yarn, thus eliminating 
roller damage as a factor in its causation. More than 
one type could be distinguished. In some cases the 
wlute spot was so far below the general level of the 
fabric that it could not have been affected b}' the 
printing roller. In other cases the mote occurred 
at the general level of the fabric, and was pos.sibly 
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protected from the action of the dye by a particle of 
foreign matter. 

4. Neps in situ causing lighter spots are by far the most 
common type of defect. Under a low-power binocular 
microscope they were seen to consist of a matted 
tangle of hairs, a few of which showed the rich 
development of colour characteristic of normal hairs. 
"When dissected, the nep was resolved into a mass of 
lightly-dyed or undyed thin-walled hairs which, in 
the aggregate, however, was intensely coloured. The 
individual hairs were separated from each other with 
difficulty, and sometimes crumbled to fine particles 
at the slightest touch of the needle. 

When a whole nep was mounted in Cana da-balsam, a substance 
of refractive index similar to cotton, the general shade of colour 


was not materially different from that exhibited by normal parts 
of the fabric. This suggested that much of the apparent difference 
in colour in hand specimens is purely optical, and due, as Herzog 
suggested, to dispersion effects. It is worthy of note that the 
surface neps exhibit a high degree of glaze, imparted, no doubt, 
by the calendering process, and thus reflect more light than the 
ordinary dyed yarn. Experimental dyeing of the grey cloth with 
Congo-red failed to^ reveal any marked differences in shade, but on 
treatment with a hot ifon in a damp condition to imitate the 
calendering process the neps. became glazed and immediately 
showed up as typical light patches. In fabrics dyed mth para-red, 
however, the motes were prominent in uncalendered goods, and the 
intensifying effect of calendering is, therefore, not universal. 

The streaks. A defect in dyeing is often shown in the presence 
of light streaks confined to a single strand of yarn, extending in some 
cases to a length of 6 mm. or more. When the cloth is held up to the 
light the streaks are dark, rather than light, and this is also the case 
in specimens cleared, in clove oil and mounted in balsam. Under the 
microscope, the same matted tangle of thin-walled, fragile hairs 
was seen, with a few strongly dyed normal hairs running ridge-like 
across the semi-glazed smface. The streaks may thus be regarded 
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af: elongated neps. When dissected, tlie tangled mass resolved 
itself into a mixture of unthickened and partially thickened hairs, 
together with broken tips of hairs. On the whole, the elongated 
neps were essentially the same in structure as the surface neps 
previously described. 

A point of some importance, however, requires emphasis. 
Although most of the hairs in neps were undoubtedly weakly dyed. 



there were isolated patches of the debris in which colour could 
not be seen. In spite of the difficulty of manipulation, small 
portions of such hairs were treated wnth sodium hydroxide of the 
usual mercerizing concentration, and measurements w'ere made 
which showed that no shrinkage had taken place ; it is therefore clear 
that associated wifch the tangle of thin-walled hairs was a matrix 
of hair debris with practically no secondary thickening. This 
debris exhibits dispersion effects to a high degree, particuiariy 
when glazed, but, on account of the absence of dye, becomes almost 
invisible in mounting media of approximately the same refractive 
index. 

A. comparatively uncommon type of streak consisted of a group 
of hairs which ’ivere not so thin-walled as to form neps in the spinning 
process, but which were too thin-walled to exhibit the furi 
development of colour. There w^as only a 
colour from the rest of the background. 

The grey doth. A sample of the grey cloth before dyeing 
was examined, with the foUomng results : — 

1. Tufts of tliin-walled hairs, exhibiting parallelism, could 
be readily recognized by their semi-glassy appearance. 
Dyeing of these portions woidd result in a lt»culized 
slight diminution of the full shade of cofour. 

2. Neps consisting of thin-walled hairs in a niutted and 
tangled condition were abundant. Most of these 
were yellow in colour. 

3. Seed coat particles were abundant^ and often formed 
the nucleus of neps. 

Tufts of thin-walled hairs, similar to those described under 

of normal seeds, and are to be 


slight difference 


in 
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ascribed to unfavourable conditions of nutrition 'during growth, a 
question which will receive fuller discussion later. 

Yellowness of thin-walled hairs is invariably a consequence 
of attack by insect or cryptoganiic parasites during boll 
development. 

A large amount of thin-walled, yellow-stained cotton occurs 
in West Indian, Sea Island cotton through this cause, and is baled 
and shipped specially as stained cotton. 

Effect of mercerization on the colour of the neps. 

An indigo-dyed fabric in which the neps were of conspicuously 
lighter shade than the background was compared with similarly 
dyed cloth which had previously been mercerized. The general 
result of mercerizing was to render the defect much less obvious. 
This fact is apparently well-known to the trade, and has its 
explanation in the change of geometrical conformation of 
a mercerized hair. The flattened ribbon, characteristic of a 
thin-walled hair possessing an. appreciable amount of secondary 
tliickening, is converted on mercerizing into a form in which the 
area of cross section tends to be circular and in which dispersion 
eflects are minimized. The wall thickness is considerably increased 
and a greater capacity for taking the dye results. The 
primary wall debris containing no cellulose is not affected by 
mercerizing and thus the defect is still visible to some extent. 

Summary OF OBSERVATIONS AND CONCLUSIONS ON 
THE FAULT. 

1. The j)resence of motes and streaks of a lighter shade than 
the dyed background is mostly due to the presence of neps. 

2. The neps consist of a matted tangle of thin-walled hairs 
which, in surface view, exhibit a glazed appearance. 

3. The thin-walled hairs are essentially of the type described 
by Crum as dead^iotton.” 

4. Herzog’s view that the difl:erence in shade is purely an 
optical effect is substantiated on two main grounds : (a) Elimination 
of dispersion effects by immersion in various mounting media 
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renders the difference in shade in dyed hairs practically negligible ; 
and (b) in experimentally dyed cloth, the motes and streaks only 
appeared when the glazed surface of the neps was produced with a 
hot iron. 

The cell-wall thickness of cotton haies. 

Since the main cause of the differences in shade of the dyed 
background of the fabric has been established to be due to 
thin-walled hairs, i.e., to unequal distribution of wall thickness in the 
hairs composing the yarn, it is advisable to discuss the question of 
wall thickness in some detail, more particularly with reference to 
the causes of variations in magnitude and mode of distribution of 
this character. 



winch have normally a thin secondary ■wall. Some environments 
produce more than others, as also do some varieties ; thus West 
Indian, Sea Island cottons are bad in this respect, whilst Sakellaridis 
Egyptian cotton is inferior to the varieties which it has rephm.-etl, 
and the now extinct Yannovitch cotton was remarkably free from 
nep. Since one of the causes of flabby iu|irs is- genetic, it is clear 
that the recognition and elimination of strains possessing an 
abnormal amount is one of the most promising methods of 
reducing nep. 

Peodxjction op neps dueing manupactuee. 

Given the presence of hairs with thin walls, theTe arc many 
opportunities during manufacture wliich are likely to produce neps 
by their differential reaction to bending stresses. Among the 
recognized causes of neps are the following : — 

In ginning. — Faulty ginning. 

In scutching.~(a) Excessive beating; (&)' beater blades out 
of order ; (c) trying to get too much cotton through one machine. 

^ Balls. Handbook oj ' Spinning Tests for Cotton Growers, Luaduii, 11)20. 
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111 carding. ({ 5 ^) Caiding too lieavily * ( 5 ] ncglectiiig stripping 
and griiiding , (c) bad setting of flats, rollers and clearers, doffer 

and doffer combs ; {d) allowing the web to become broken and to 
fill up all space between the doffer and the calender roller, until 
the cotton is carried over the doffer and fills up the doffer comb, 
so that a portion of the hairs remains subject to the action of the 
comb for some time ; (e) overloading the wire. 

The botanical aspect. 

From the point of view of the botanist, there are two sets of 
factors influencing the cell-wall thickness of cotton hairs ; these are 
respectively environmental and genetic. 

The influence of the envirmiment on cell-wall thichiess. In the 
first place, it is beyond dispute that each individual cotton plant 
possesses a certain association of genetic or hereditary factors which, 
under constant environmental conditions, are capable of manifesting 
themselves in the production of hairs of a definite length and 
wall thickness. Environmental conditions, however, can never be 
equal in their effect on all parts of the plant. For purposes of 

discussion, they may be divided into two main classes, external and 
internal. . 

The external environment includes within its scope soil 
conditions, water ^ supply, temperature, humidity, density of 
population, air movements, illumination, etc. A kkange in the 
general environmental complex will, in some way, be reflected in 
mean cell- wall thickness, and in support of this statement may be 
adduced the well-known seasonal variations in the quality of the 
cotton crop from year to year, grown from the same seed. Thus, 
when seed of ‘Superfine St. Vincent cotton was grown in a region of 
little ramfall the wall thickness apparently increased pari passu with 
the environmental aridity, but when grown in the humid greenhouse 
of the Shirley Institute, the wall thickness was reduced so that the 
cotton was Virtually of the same magnitude as that characterizing 
dead cotton.” 

The internal environmental effect is chiefly positional. There is 
competition for nutrients from boll to boll, from seed to seed in the 
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boll, and from bair to liair upon the seed. In examining cross 
sections of hair from the same seed, it is not unusual to find patches 
of one to two hundred hairs closely grouped together, characterized 
by thin cell-walls. It is clear that proximity to the nutritive 
channels plays an important part in the determination of wall 
thickness. Patches such as this not infrequently pass through to 
the finished yarn, as was noted in the discussion on the fault described 
in this paper. The differences in the position of bolls on the plant 
would make itself felt as an influence upon wall thickness even 
if they were all at the same stage of maturity at the same time. 
This is not so, however, and in practice the later bolls on the plant 
usually mature at a time when, by reason of senescence or attack 
by crj’^ptogamic parasites, the leaf area of the plant capable of 
photosynthetic activity has been considerably reduced. Not to be 
forgotten, also, is the effect of reproduction in pliotosynthetic 
activity due to defoliation by leaf-eating caterpillars, which in 
some cotton-growing districts may take place at almost any period 
of the growing season. It will be seen that di.stribution of wall 
thickness of hairs in a given bale is necessarily patchy. Uniform 
environment on the seed coat does not involve more than a limited 
area, and elimination of positional effect can only take phuv. in 
hairs which are adjacent on the same seed. 

The influence of competition from seed to seed in tlie same 
boll may, in extreme cases, result in the death of half-grown seeds, 
which are clothed with hairs of little or no secondary thickening. 
Examination of a large number of bolls both of Upland and Sea 
Island cottons shows this phenomenon to be of frequent occurrence, 
so much so that probably most of the flabby hairs in undiseased 
cotton is due to this cause. * 

T/ie influence of genetic factors on cell-ivall tliichiess. It is 
probable that the death of some of the partially developed seeds 
in the boll is due to gametic incompatibility, i.e., the combination 
of male and female elements which have united to form that 
particular seed is non- viable after a certain a’ge. Some varieties 
differ constantly in the percentage of non-viable seed, and the basis 
of this can only be genetic. 
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Death of seed through attach hy insect or cryptogamic parasites. | 

It has been mentioned above that the death of seeds either through 
competition or for genetic reasons is a fruitful source of flabby 
hairs. Death of seeds may also be caused by boll-puncturing 
insects, chiefly types of plant bug, carrying various forms of fungoid 
infection. In this case, the seed may be drawn upon by the insect 
for its food supply and ultimately killed, or a general growth of 
micro-organisms may additionally supervene and involve the whole 
boll in decomposition and disorganization. Certain boll diseases 
may attack the external wall of tlie boll, and, by progressive 
penetration, destroy more or less of the boll contents. 

Whatever the cause of the death of a seed in a half-matured 
condition, the hairs on that seed are invariably excessively 
thin-walled and weak, and are likely to initiate neps in the 
spinning process. The yellow colour, whether due to insect 
puncture or disease, is strongly characteristic, and such cotton may 
be suspected as the source of some at least of the neps in neppy cloth. 


GeNEEAL CONSIDERATIONS. 

It is clear from what has been said above that the existence of 
thin-walled or flabby hairs in a sample of cotton is due to a variety 
of causes, some of which are partially avoidable and others inevitable. 
The consumer of cotton is at present helpless in the hands of the 
agriculturalist. TJis most urgent requirement is uniform cotton, 
and in regard to the present problem of thin- walled cotton, the 
position may be suimned up by saying that the variability of the 
wall thickness should be reduced to a minimum. Those engaged 
in cotton breeding are urged to take up the study of means" of 
eliminating strains characterized by thin-walled cotton, and to 
investigate the physiological and genetic factors conditioning its 
appearance. From the point of view of the spinner, the recognition 
of raw cotton containing abnormal amounts of thin-walled hairs 
is important, and a method is under consideration whereby it is 
hoped to establish definite ‘standards for wall thickness in varying 
types of cotton, and in conjunction with this to obtain an idea of 
the number of thin-walled hairs normally present. 
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Summary. 

1. The work of Crum, Haller, and Herzog is summarized. 

2. Tlie results of microscopic examination of an alizarin-dyed 
fabric whicli showed motes • and streaks are presented. The 
conclusion is drawn that the defect is one essentially similar to that 
described by Crum, and is attributable to neps composed of 
thin-walled hairs. The difference in colour of the neps is considered 
to be mostly optical in nature, for reasons which a, re given, but the 
nep aggregate apparently contains debris of hairs consisting of 
jirimary wall only, which are glassy in appearance and remain 
undyed. 

3. The effect of mercerization on the difference in colour 
shown by neps in an indigo-dyed fabric is to render such difference 
less conspicuous. This is considered to be due to alteratiop in the 
shape of the cross section, reducing dispersion effects, and to an 
increase in the wall thickness, which causes an increased capacity 
for dye. 

4. The cell-wall thickness of cotton hairs is considered in 
detail and reference is made to recognized causes of neps during 
manufacture. 

5. The effect of environmental and genetic factors on 
cell-wall thickness is shown to be complex, and it is concluded that 
much of the thin-walled cotton arises throueh death of seeds 

« « o ^ 

before maturity, either through competition, genetic factors, or 
attack by parasites. 

6. Elimination by genetic methods of strains characterized by 
excessive amounts of thin-walled cotton is suggested to the cotton 
breeder, as well as a detailed study of the physiologicg,! and genetic 
factors influencing its amount, 





OIL CONTENT OF CASTOR SEEDS AS AFFECTED BY CLIMATE 
AND OTHER CONDITIONS. 

Experiments with castor seeds were first initiated at Sabour 
by Mr. C. Somers Taylor, Agricultural Chemist to the Goverrmient 
of Bihar and Orissa. In the first series, the results of which have 
already been published by him {Pusa Bull. 117, 1921), attempts 
were made to determine whether by chemical selection it was 
possible to improve the race of castor as regards its oil-yielding 
properties. It was, however, found that although seeds collected 
at random gave widely varying oil-content — from as low as 21 '8 
per cent, to as high as 50 ‘8 per cent, on the seed — ^this character 


was not transmitted, when grown under similar conditions, even 
for one generation ; their progeny giving almost in every case a 
mean oil -content of about 49 per cent, in healthy seeds. The 
hJiadm (monsoon) crop, which was generally well developed that 
year, gave ^a better oil-yield than the same variety grown as rabi 
(wnter) crop. It was then thought possible that weather and other 
conditions might exert some influence on the oil-yielding properties. 
Selected seeds, having an oil-content of 50 per cent, or above, 
were distributed for growth to the different farms where different 
conditions might prevail. Samples of the crop grown from these 
seeds w'ere obtained from Cuttack, Dumraon, Sambalpur and 
>Sepaya, but Adth the exception of the last of which the hliadm 
ci’op gave a low'er oil-content (43'3 per cent.), all others maintained 
their oil-yield. Many of the kernels of the samples of the bhadoi 
easbor growm at Sepaya were found to be in a shrunken condition 
iudicative of unhealthy growth. Again the Pachka castor grown 
on the Sabour farm, both'as Mudloi and rohi crop, gave the same 
oil-content in each case (51 ‘0 and 51 ’6 per cent, on the w’hole seed). 

I he climate therefore does not seem to exert any appreciable 

( 81 ) 
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influence on the oil-yielding properties of the crop, except so far 
as it affects proper development of the seeds. 

Different mannrial treatments also do not seem to have any 
effect on the oil-content of the seeds. Lines \?ere laid down at 
Sabour to receive separately potassium sulphate, superphosphate, 
and ammonium sulphate, as well as a mixture of these three and 
cowdiing and hasti ash, i.e., ash of the village refuse. The seeds used 
were from the same parent. The application of the manures resulted 
in a considerable increase in the yield of seeds but the percentage 
of oil in the seeds remained singularly constant. The following 
table will make this clear : — 



. . 1 

Control 1 

Pot. 

sulpll. 

Super. 

1 

Ammon 

siilpli. 

j 

I Mixture 

1 j 

' I 

BasU 1 
asli 

Cowdiing 

Yield of seed in lb. wt. 

6-44 

1 

1.3-19 

11 -Of) 

12-50, 

13-19 

10-41 

14*10 

Percentage of oil in seeds . . i 

1 

Sl'Bo 

52-05 

51-50 

51*75 

51-27 

51-80 

,51-70 


Attempts were also made to find if the amorint of space left 
between, the plants liad anything to do with better development 
of seeds and consequent higher production of oil. .Bulk seed.s, 
originally from a single plant, were sown, allowing different spaces 
between the plants and also from line to line, but iio c;onsiderable 
efiect was perceptible in respect either of the total yield or of tlte 
oil-content of the seeds. On the other hand, the wider spac-e allowed 
the plants to produce more branches, eacJi of whicli produced heads 
which took its own time to mature and consequently they could 
not be harvested ail at the same time. Plants in winch 2 feet 
spacing was allowed from line to line and 1 foot G inches to 2 feet 
from plant to plant produced only one long head a nd were tiierefore 
more convenient to harvest. 

It was found that the seeds on the oldest Jiead of a plant gave 
an average result of 507 per cent, oil, while those on tlie j'oungcst 
and therefore less mature head from the same plant ga,ve 47 ‘S 
per cent. oil. The amount of oil present in individual seeds seems 
to depend therefore not directly on climate or on mammal treatment, 
but on the degree of maturity of the seed. 


NOTES 
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The method of harvesting adopted by the cultivator in Bihar 
IS to remove the head, of whicii only a, few. of the top seeds have 
ripened, the rest of the seeds attaining maturity slowly after heepino-. 
A trial was made to find out whether this method would give seeds 
of the same oil-content as those obtained by removing matured 
capsules only. ^ Several plots were laid out, each plot being sown 
mth seeds which originally came from, the same nareiit ^ plant 


The result is indicated in the followdng table: 


Percentage of oil on the ivliole seed. 



Eemoving matured 
caiisules only 

Harvesting i.ii 
cultivators’ metliod 

Difference- in favour 
of the former 
method of harvest 

Plot No. 




2 

3 .. . 

52‘9 

'o3'4 . 

52*7 

51*0 

0*2 

2*4 ■ 

5 . 

48-3 

48*3 

nil 

B 

49-9 

49*7 I 

0*2 

n 

51*1 

51*3 

—0*2 

. . 12 

48*6 

49*0 

—0*4' 

rr' 





50*2 ' 

.47*2 

3*0 

■ ■ S' ■ 

49*7 

46*0 ,, 

3*7 

14; 

.49‘'5 

. 49*8 ' 

—0*3 

■ 

, 51*0 

' 48*6 : 

2*4 

BI7 , ■ _ 

47*3: 

47*3 1 

nil 


Thus, against tliree cases out of eleven where there wa.s a 
very slight di.fference m favour of haiwesting whole lieads, there 
are four ivhere the removal of matured capsules gave a considerably 
larger percentage of oil. Although after the removal of the whole 
heads, the seeds w^ere^kept apart for several wveeks in order to allow 
them to ripen, the degree ofmaturity w^as not the same in all cases, 
and even the slight difference in matu.rity in different seeds from 
the same head seemed to have a considerable effect. . This therefore 
stiengthens the conclusion that, the oil-content of castor seeds 
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depends more upon tlie degree ot inatiirity tlia.ii on any tiling else. 

The Bihar cultivators’ method of harvesting does not ensure that 
the seeds will have their maximum oil-content and cases may arise in 
vzhich the average oil-content may fall short by over 3|: per cent, of 
what can be obtained by harvesting them when all are fully ripe. 

It is clear that for purpose.s of analysis with a view to the 
selection of superior oil-yielding types, great care should be taken 
to pick individual capsules as they mature. [Manmatha Nath 
GtHOSH.] 


BUD-ROT OF COCONUTS CAUSED BY PHVTOPHTHORA 
PALMIVORA. 

During 1913-14 inoculation experiments were conducted on 
young coconut palms with the fungus PhytophtJiora palmivora by 
Dr. Shaw and myself (Annales Mycologici, XII, No. 3, 1914). It 
was then proved by a number of inoculations that this fungus 
produces t}^ical bud-rot on young coconut seedlings. Later on 
it Avas doubted by Mr. Sharpies in one of the papers in the Annals 
of Botany (XXXVI, January 1922, p. 55) whether in mature 
coconut palms this fungus can cause typical bud-rot. I felt sure 
from my close knowledge of the parasitic nature of this fungus that 
it can produce the bud-rot in mature trees as well as in the 
seedlings. 

With a view to confirm my statements, twm well-grown healthy 
trees about 15 years old and with stem measuring about 12 feet 
in height were selected for the experiment. Diseased specimens of 
leaves and leaf-sheaths from a bud-rotted coconut treejn Kasargode, 
South Kanara, Avere obtained on 15th August, 1922. Fresh masses 
of mycelium and sporangia were found inside the folds of tiie 
diseased leaves. From this material a pure culture Avas obtained on 
French bean and oat agar on 18th August, 1922, and subcultures 
Avere made from these from time to tinie. 

On ,29th November, the two coconut trees selected for the 
experiment were inoculated Avith subcultures of 18th September. 
The fungus material was removed from the culture tube carefully 
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with a sterile platinum scoop and mixed with a few drops of sterile 
water. This material was carefully placed inside the shoot of the 
trees which were wetted yith sterile water before inoculation. The 
outer portion was covered over with a mass of coconut fibre which 
was kept wet by splashing water over it. Spray of sterile distilled 
water was given every day to the shoots in which the fungus 
material was put. Two more trees were treated in this way but 
without the fungus being put in the central shoot and kept as 
control. On 11th December, i.e., thirteen days after inoculation, 
characteristic diseased spots were seen on the leaves where the 
fungus was put. A week later, the shoots of both the inoculated 
trees showed signs of yellowing. They were given regular spray 
of sterile water every day. Ten days after the spot formation was 
noticed, that is, on 21st December, the shoots rotted and could 
easily be pulled out from the crown. 

Microscopic examination showed the presence of the fungus 
PhjtophiJiora palmivora on the inoculated portions. A bit of the 
diseased portion was incubated and the same fungus was re-isolated. 

At this stage, wetting the crown with the spray of water was 
discontinued. In the course of two months, the crown of the two 
trees as a whole were blown over by wind leaving the two trees as 
bare poles. The controls remained healthy throughout the 
experiment. This clearly proves that the fungus PhytopUhom 
palmivora can produce typical bud-rot on mature trees also. Tn 
nature, tall, mature trees are noticed killed by this fungus with the 
bud completely rotten. [S. kSundararaman.] 

* % 

• INDIAN DIPLOMA IN DAIRYING. 

The following press communique, dated 13th November, 1923, 
has been issued by the Government of India (Department of 
Education, Health and Lands) 

The Government of India have decided, in connection with 
the working of the Imperial Institute of Animal Husbandry and 
Dairying at Bangalore, to institute an Indian Diploma in Dairying 
on the lines of the British National Diploma in Dairying, to be 


j 

1 


granted to persons ''*‘,thetaietior^ln'”^,!°“f ® coMseofnot 
less than two years’ inie nitje of teaciiny ..^fo' tie 
Imperial Institute as capafc _ ^ standard required 

for siicli a diploma. \ f'- I + 

It is hoped that sooner or-i^^-^ '■'^fi'icultural Colleges in liidja 
will possess the necessary staff a! and will be willing to 

train pupils for this diploma, butf present, the necessary 

course of instruction will be connnencSi. '^^^^uary 1st, 1924, at the 
Imperial Institute of Animal Husbandr;^' f dairying, Bangalore^ 
where eight selected pupils will be taken, 

The course will last for two years withV'^^'o months’ vacation 
each year. The holiday period will be the month»5^f April and May 
The course wUl consist of practical and sm&itific training 
in the piimiples of cattle-breeding, cattle feeding an(^’nanagement 
Indian and foreign breeds of dairy cattle, stock judgiiik diseases' 
of dairy cattle, dairy farm buildings, milk production.^andlmg 
and sale, butter and manufacture, dairy chemistry\ dairy 
bacteriology and dairy farm book-keeping. Ample scope is avAable 
for practical and laboratory work at Bangalore. The practlical 
instruction will be under the direction of the Imperial Dairy ExpWt 
and the scientific trainhig will be carried out under the control qf 
the Phy>siological Chemist to the Government of India. 

Students must be of good character and over 17 years of ao-e 
Tim minimum educational qualification mecessary for admission • 

IS the Matriculation or the School Final Examination, but in ' 

special cases, the Imperial Dairy Expert will have power to wah'e 
this condition. 


A tuition fee of Es. 13 will be charged from each stud^it 
for each month or part of a month he is actually in- residence a 
the Institute. Accommodation will be provided free of eharee 
which pupils must avail themselves of. No stipends will be paid to 
students and travelling expenses must be borne by students 
themselves. 

At the close of the course an exandnatioii will be held for 
those students who have satisfactorily completed the course of 
instruction, and the Indian Diploma in Dairying will be awardri 
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by tbe Impeml Institute of Animal Husbandry and Dairyiim to 

successful candidates. ^ 


ili 


the second WORLD’S POULTRY CONGRESS AND EXHIBITION. 

The Second World’s Poultry Congress will be held in Barcelona 
Tom_ lOtb to 16 th May, 1924, under the official patronage of the 
Spanish CWnment and of the Municipality of Barcelona, and 
under the Honorary Presidency of H. R. H. The Prince of Asturias 
donoiaiy President of Spanish Avieulturists. The opening sessions 
and sectional meetings of the Congress will continue up to 14th 

on'ieth iia'y m "i rf' 

Congress will include such 

important topics relating to poultry breeding and industry as : 
(1) Eeseaieli and investigatiou, (2) State-aided and voluntary 

woA, (3) Hygiene and disease, and (4) National and international 
trade in eggs and poultry. 

The Exhibition, whieli will be held simultaneously with the 
Congress, opens on 10th May and will be installed in the Exhibition 
Palace ^at Barcelona. It will remain open for nine days, from 
J a.m. to 6 p m. each day. The Exhibition will be in the nature 
of a display, the object being educational and not competitive ; and 
It 16 intended to represent every branch of poultry industry and 
commerce tlierei^ith. 


‘If ili 

CONSUMPTION OF AMMONIUM SULPHATE IN JAVA. 

The American Ahce-Coiinsul .Pollin P,. Winslow, Batavia, in 
a report published in the Commerce Reports of the United States 
epartnient of Commerce, dated 17th, September, 1923, states that 
considerable amounts of chemical fertilizers are used in Java and 
that these are admitted, duty-free. 
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withdraw from the market. Before the war considerable quantities 
weie imported from Germany, but that country has not regained 
Its place. The Germans are still in the market to a slight extent, 
but the chaotic conditions there have forced buyers to look elsewhere! 
particularly because deliveries are uncertain. 



aneie is a viae variation in the amounts of ammonium sulphate 
used by the different estates in the Netherlands East Indies. Sonip 
lands recently reclaimed from the jungle do not require any, while 
the older estates, where the soil is heavy, use up to 10 piculs to the 

poimds to the acre. It is claimed that no other 
artihcial fertilizer is so well adapted to the cultivation of sugar. 

The sugar estates generally place their orders a year in advance, 
iiiey require that the ammonium sulphate contain an average 
of about 20 per cent, nitrogen, and approach a fixed standard of 
moisture content. Further, it should be free from sodium, and not 
contain more than 1 per cent, of free sulphuric acid. Packing is 

LlSOaJIv in hQA«c? 110 4 -^ 1 b 


SUGARCANE CULTIVATION IN BARBADOS : INCREASED PROFITS 
FROM NEW SEEDLINGS. 

The Barbados Agricultural Society have requested the 
Governor appoint a Commission to enquire into the worJdnv of 
^e local Department of Agriculture to make recommendations for 

ihat this was not intended as a reflection on the conduct of the 
department «s shown by the fact that the resolution authorLui 

fie request was moved by Mr. John E.Bovell, the Director “ 

fu the course of his remarks on this occasion .Mr.'Bovell made 
work oi the DeparL°ntTr°“ir 

~.omepr 

LI- of 

Transparent. wlen compared with the White 



Jsroi’Es 


In support ot his contention, Mr. Bovell said that on the 
average for those eight years the White Transparent yielded 
20-45 tons of canes per acre, the' B.H.10(12), 29-05 tons, 
Ba. 6032, 31-76 tons and the Ba. 11569, 26*84 tons of canes per 
acre per annum respectively. That is, these three canes under the 
same conditions for the eight years averaged 29-22 tons of canes 
per acre, while the White Transparent averaged 20-45 tons, an 
increase of 8-77 tons or 42-9 per cent. 

During the eight years the average price at which dark crystal 
sugar sold was |4-90 per 100 lb. At this price, and at 7 lb. of 
dark crystal sugar per 100 lb. of sugarcanes, the value of a ton 
of canes was $7-68, so that the value of 8-77 tons of canes was 
$67-35 per acre per annum more than the White Transparent. 

From this would have to be deducted the extra cost of cutting, 
loading and carting the better canes, say 72c. per acre, leaving a 
net gain of $66-63 per annum. It was generally estimated at the 
present time that about 35,000 acres of canes were reaped annually. 
Assuming that of this area only 20,000 acres were under the seedlinar 
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the end of April or early May, they are a long way ahead of many 
plants six months older. Harcourt, the Assistant Director of 
Agriculture, has taken no end of trouble with them. He sunshaded 
and watered them at first till they started to grow. You will indeed 
be pleased when you see them.” 

* 

STUDY OF SUGARCANE ROOT-ROT IN JAVA. 

Many reports having come to the experiment station for the 
.Java sugar industry that root-rot seemed to occur in sugarcane 
fields planted in succession with the same variety of cane rather 
than in fields wlmre one variety was followed by a different variety, 
an exhaustive investigation aa’us undertaken by Dr. J. H. Coert. 
The investigation showed that while there was some ground for the 
current opinion, the reason is not that one particular variety poisons 
the soil for itself more than another variety. What appears to 
happen is that the infection of the soil persists for some time after 
the harvest, and the chance of root-rot depends on the length of 
time elapsing between harvesting and replanting. From the 
data it appears with tolerable clearness that the chance of root -rot 
is greater if the cane planted in succession is a later ripening \'ariet}', 
and less if it is an earlier ripening one, because in the latter case the 
land remains unoccupied for a longer time. 

For the same reason, a three-year rotatioir gives less occasion 
for root-rot than a two-year rotation. 

It also appeared from the investigation that root -rot is verv 
rarely met with in the red soils (lateritic) of Java. 

Of the 9,493 bouws studied, 443, or 4-67 per cent., were uft'ectod 
by the disease , where the rotation w'as three-vear tiie percentage 
was 3-43 ; where the rotation was two-year it was 10-42. [Facts 
About Sugwr, XVII, 10.] 

EUROPEAN BEET CROP, 1923-24. 

The latest estimates of the beet sowings in Europe and 
production of sugar in season 1923-24, as compared with the actual 
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acreage and realized production of the season 1922-23, are as 
follows 


Names of countries 

1923-24 

1922-23 

Hectares 

Tons of sugar 
raw value 

Hectares 

Tons of sugar 
raw value 

Germany . , . . 

Czeclio-Slovakia , , . 

Austria 

Hungary 

Poland 

.Prance 

.Holland 

Belgium . . . I 

Italy 

Spain 

Henmai'k 

Sweden 

Russia 

Otlier countries 

343,520 

219,486 

12,600 

44,308 

143.000 
149,848 
73,500 
72,264 

90.000 

60.000 
32,000 
43,700 

230,000 

69,925 

1,190,000 

830.000 
40,000 

110.000 

400.000 

450.000 

270.000 

260.000 

310.000 

180.000 
' 110,000 

150.000 

330.000 

180.000 

363,789 

184,591 

11,563 

30,020 

110,000 

127,450 

57,536 

59,176 

85,321 

48,045 

23,944 

16,716 

175,000 

59,745 

1,463,000 

726,472 

24.000 

82.000 

301,890 

493.000 

255,592 

2681928 

207,280 

170.000 

90,000 

71,800 

200.000 

108,000 

Total in acres 

1,384,151 
3,914,437 ^ 

4,810,000 

1,352, 88fi 
3,342,981 

4,551,962 


Ihe present estimate thus shows an increase in production 
of about 258,000 tons in 1923-24 as compared with the last 


. WOBK OF THE IMPERIAL INSTITUTE 

We have receiYed the following for publication 
The Imperial • Institute for many years has been steadily 
endeavouring to further the development of the resources of the 
Itmpire, particularly with regard to the commercial and industrial 
utilization of raw materials of ail kinds. The best known depart- 
ment of the Institute IS Its well-aiTanged Exhibition Galleries, open 
-0 the public and schools, in which are displayed the principal raw 
pioc uc.s and manufactures of the various parts of the Empire 
accompanied by descriptive labels and illustrated by maps' 

liSi”’ ''I'"*"®"**’!’ is the only permanent 

BxhibitKJii ot the kind in. the .EtHpire. 

Less familiar to most people is the important work of the 
l^.entiflc and Technioal Department, which investigates the newer 
nttle-known raw materials of the Empire, and suggests action for 
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their commercial utilization. The Technical Information Bureau 
deals with enquirie.s of the most diverse origin and character 
connected with the production, utilization and valuation of raw 
materials. A vast amount of information emanating from the 
Institute has been disseminated by means of the Institute’s 
Bulletin and other publications, and also through other channels, 
including the Chambers of Commerce. 

An opportunity of becoming better acquainted with the 
nature of the Institute’s activities and the many important results 
which have accrued from its work is now afforded in a recent issue 
of the “ Bulletin of the Imperial Institute.” This publication is 
devoted to a comprehensive report on the operations of the 
Imperial Institute carried out by its different Departments and 
various Technical Advisory Committees. 

Further examples of the important work of the Institute 
are contained in the current issue (No. 2 of 1923) of the same 
Bulletin. 

A full account is given of the lignite deposits of the Southern 
Provinces of Nigeria, which were discovered during the Mineral 
Survey carried out under the auspices of the Institute. The deposits 
exist over a considerable area, some being favourably situated for 
transport. A detailed study of the lignite in the labora4;oi-ies of the 
Institute showed that it was of satisfactory comj)osition and calorific 
value. It is quite suitable for briquetting, and briquettes used as 
fuel in firing trials in railway engines and steamboats in Nigeria 
have proved satisfactory. 

Another article summarizes the investigations conducted at the 
Institute under the Ceylon Eubber Eesearch Scheme. Particulars 
are given of the results of tests of a large number of specimens, 
prepared in Ceylon by different methods, with a view to ascertaining 
the mode of preparation best suited to the needs of the 
manufacturer. 

Other subjects of interest referred to ase Indian worm-seed 
as a source of the drug santonin ; a new essential oil obtained from 
a Western Australian plant ; and the results of practical pottery 
trials with Australian clays. There is also an interesting illustrated 
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article on tlie trees of the Gold Coast. The value of a number of 
Gold Coast and other Colonial timbers is being investigated 
at the Institute with the advice of a Committee which includes 
representatives of the timber trades and industries of England, 

* 

* * 

INCREASING CONSUMPTION OF NON-AMERICAN COTTON IN 

LANCASHIRE. 

The use of outside growths of cotton in Lancashire and on the 
Continent is developing largely, and what is more astonishing is 
the great demand for dirty cotton. In past years Lancashire 
spinners would not “ look at ” such cottons as they are eager to 
obtain now. There has been a great deal of substituting American 
cotton by Egj^tian o%ving to the relative cheapness of the latter, 
but manufacturers hesitate to do so on account of the complaints 
that are bound to arise 'when the normal state of affairs returns 
and American yarns are again used, as it is then that the customers 
complain of a falling-off in quality of the cloth and trouble begins. 

The extent to which outside growths of cotton are being used 
in England is evident from the takings of American cotton from 
Axigust 1st to March 16th. England took 22,000 bales less than 
in the previous year for the same period, but the total of all kinds 
of cotton taken by Lancashire spinners was 1,828,047 bales against 
1,672,767 in the previous year— an increase of 155,280 bales. 
{Inte/rnationd Cotton Bulletin, No. 3, 1923.) 

* 

COMPULSORY COTTON STANDARDS IN THE U. S. UNDER THE 
NEW COTTON STANDARDS ACT.* 

Cotton classification is of very great importance to the grower 
m the United States as well as to the spinner. If the uniform 
standard be obtained applicable to grower, merchant, distributor 


* Mr. Charles J. Brand held recently meetings with the various Cotton Exchanges in Europe 
and called at the offices of the International Cotton Federation. This article is the summary 
of Mr. Brand’s arguments in favour of the universal introduction of the American Cotton 
standards. £A. S. P.] 
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and spinner alike, economy and better understanding cannot fail 
to result. 

In August 1914, the United States Cotton Futures Ac-t 
autliorized the establishment of standards by which the quality or 
value of cotton might be judged quoting its grade length of staple, 
strength of staple colour, and such other qualities, properties and 
conditions as it might be practicable to determine standards for. 
I’he grade standards established under that law were made com- 
pulsory in the United States in all transactions involving future 
contracts on the grade exchanges. These standards, with one 
slight change, have now been in use for 9 years. More recently 
permissive length standards have been established, and are being 
found useful in the arbitration of disputes. 

Spinners realize as fully as any manufacturing interest in the 
world that in every plant the necessity for economy and efficiency 
is a fundamental consideration. They have standardized their 
machinery, their processes, their manufacturing practices, their 
policies of management, and every other conceivable thing. 
Standardization of product, whether yarn, cloth or otherwise, 
plays a large part in the magnificent development of the cotton 
spinning industry of the past 70 years. 

Standardization of the raw materials for manufaeture is of 
quite as great or even greater importance as the standardization in 
the successive phases of the industry. High-claSs production can 
only be attained when the farmer in America knows what 
the spinner wants. Waste and needless expense in the field of 
merchandizing, and in the processes of trade are a tax upon the 
well-being of the whole cotton trade, and can be avoided to a larger 
extent than is now the case through the adoption and application 
of universal standards. 

Having in nund the benefits that have already attended a 
general use of uniform standards in the American markets, the 
Congress of the United States has passed a few that compels all 
transactions of grade in inter-state and foreign commerce to be in 
accordance with the grades hereafter to be knovm as the official 
Cotton Standards Act of the United States, 
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A brief discussion of the provisions of this’ law which was 
passed on March 2, 1923, will no doubt be of interest to tlie members 
of the International Federation of Master Cotton Spinners. 



What the new United States cotton standard laiv 

REQUIRES. 

The law compels every cotton merchant, shipper, buyer and 
trader in the United States in every transaction or shipment in 
inter-state or foreign commerce, and in every publication of prices, 
and m quotations of cotton for shipment in inter-state and foreign 
commerce, and in the classification of all cotton, to use the officTal 
cotton standards of the United States, provided the quality of the 
cotton involved in the transactions is of or within the range of 
the official cotton standards of the United States. 

The law provides within these specific terms that its compulsory 
features shall not become effective until one year from the date 
on which the Secretary of Agriculture promulgates standards .for 
the purposes of the law. In other words the logical and likelv 
procedure is that at the close of the present cotton year or durin'o' 
the month of July, the Secretary will announce standards 
which at the expiration of 12 months of the date of this 
announcement will become compulsory upon all citizens' of the 
United States. . ' 

Thereafter, bills of lading, warehouse certificates, shipping 
documents, insurance contracts, newspaper and private quotations 
of cotton by grade, invoices and all other documents will be required 
to be stated in accordance with official cotton standards. 

The Act further provides in Section 2 that nothing therein 
shall prevent transactions otherwise lawdul by actual sample or 
on the basis of a private type wffiich is used in good faith 
and not as a means of evasion of or substitution for the official 
standards. . 

Any peison ivho has the custody of, or a financial interest in, 
any cotton, may when the Act comes into full force submit th^ 
same or samples thereof, which niust be drawn in accordance with 
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the regulations and safeguards imposed by the Secretary of Agri- 
culture, to such officer or officers as the Secretary may designate 
for a true determination of the classification. The final certificate 
of the Department of Agriculture will be binding on all officers of 
the United States and will be accepted in the courts of the United 
States as facie evidence of the true classification of the cotton 

itself or of the samples thereof when involved in any transaction 
or shipment in inter-state or foreign commerce. 

The United States Government under the law is authorized to 
prepare copies of standards and to sell them at a cost to any person 
who may ask for the same. These copies are to be certified under 
the grade seal of the department, and the attachment of that seal 
will include regulations for the inspection, condemnation and 
exchange of standards in order to make certain that copies in use 
are accurate and suitable for commercial purposes. 

Persons who tamper with, alter or change copies of standards 
excepting those who have the written authority of the United States 
Government to do so, or who use the standards with intent to 
deceive or defraud, or who counterfeit or simulate copies of the 
standards, are subject to a fine of $1,000 or imprisonment or both. 
The same penalties attach to persons who falsify or forge certificates, 
or who knowingly classify cotton improperly, and persons who 
knowingly influence, or attempt to influence improperly the classi- 
fiers licensed under the Act. * . 

Conclusion. 

The membership of the International Federation of Master 
Cotton Spinners has an imdoubted interest in this whole matter as 
great users of American cotton. If the spinners in Europe, the 
merchants in Manchester and Liverpool, exporters and interior 
merchants in the United States, and the farmers of the American 
cotton belt can speak in identical terms so that each grade name 
will mean the same everywhere, an enormous advantage will be 
gained promoting economy and efficiency from fii^st to last. 
{International Cotton Bulletin, Ho. 3, 1923.J 
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COTTON RESEARCH. 

Through the courtesy of the British Cotton Industry Research 
Association, the Secretary of the Indian Central Cotton Committee 
has sent the following abstracts for publication : — 


Control or cotton anthracnose. 

The development of anthracnose can be prevented by 
simultaneously heating and drying cotton seed in the absence of 
oxygen. In the presence of oxygen the fats and proteins of 
the seed appear to be oxidised so that the embryo is killed. The 
oxygen can be removed by evacuation or by introducing nitrogen 
into the drying tubes. After 26 hours heating of the seed in 
evacuated glass tubes in the presence of calcium chloride at 100°F. 
all fungi are destroyed and the gernoinating power of the seed is 
increased. \Chem. Zewtr., 1923, 1, 1608 ; from Amer. Fertilizer, 
1923, 58, 32-34. Gr. F. Lipscomb and G. L. Corley.] 


Cleaning oe cotton. 

Since dry cotton cleans better than wet cotton, equal cleaning 
can be attained with less damaging of the staple by airing and 
artificially drying .cotton before feeding it to the openers, and 
subsequently lessening the beater action. The cotton could be 
mixed and stored for some days in a fireproof room provided 
with ventilators and radiators. The cotton must, however, be 
thoroughly conditioned before reaching the cards and the adoption 
of the above, drying method would probably cause the use of 
atomisers for spraying moisture directly on to the lap to become 
more general. It is stated that an oil emulsion sprayed upon 
cotton will aid materially in the carding and also reduce the 
amount of fly. The practice of spraying soap solution, at present 
restricted to short staple and waste mills, to hold together the 
short fibres in the lap and prevent fly, is capable of development 
in the ordinary cotton industry. \Cotton, 1923, 87, 659-660. 
R. B. Smith.] 
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COTTONISING HEMP. 

The possibility of augmenting the supply of raw materia-1, or 
replacing part of tlie raw cotton employed in Germany by cottonised 
bast fibre is discussed and shown to be possible from an economic 
point of view' if hemp is employed and the cultivation is caiiied 
on in co-operation wdth the cottonising process. Hemp can be 
cultivated on low-lying moorland of which approximately one 
millioji he(?tares are available in Germany. The nieehanical and 
chemical processes of treating bast fibres, now' employed, furnish a 
product very similar to cotton and capable of being .spun cn cotton 
spinning macliinery. [Z. angev:. Cheni., 192.3, 3b, 129-130. I . 
Waentio.J 

Formation of cell wall. 

As a result of a study of cotton and Tradescantia hairs, the 
author develops a theory of cell w'all formation, based on the 
deposition of preformed pa.rticles of wall substances by the 
cytoplasm. Actual observations lead to the deduction that the 
cytoplasm rotates in a double spiral band, adjacent bands moving 
in opposite directions ; this accounts for the striations, wliich 
occur along the stream lines, and the double lines of wjeakness at 
the junction of the bands. [Jow. Text. Inst., 1923, 14, T. 85-113. 
H. J, Denham. j " - 

Microscopy of cotton hair. 

In connection with a study of the morpliology of the cotton 
hair, details are given of the methods and reagents used in mounting 
the material. Tlie interpretation of the microscopic images, undei’ 
ordinary and polarised light, is also discussed and directions are 
given for detecting and obviating various optical falsities. [Jour. 
Text. Inst., 1923, 14, T. 85-113. II. J. Denham.] 

Morphology of cotton hair, 

A study has been made of the various structures occurring 
in the wall of the cotton hair, and the origin of these structures 
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is discussed, partly witli the aid of analogous materia,!, sueii as 
Tradesca,ntia iiairs. The conclusions drawn are as follows ; — 

(1) Striations occur in all parts of the hair and in all layers 
of the wall ; the direction followed is not always the same in 
superimposed layers. (2) Convolutions follow the direction of the 
primary striations. They are caused by a double spiral line of 
weakness in the hair, and are of four types ; normal, movable, 
preformed, and suppressed. (.3) Slip planes, like those observed 
in strained timber and in bast fibres, occur widely in cotton, and 
:rlso lines of failure due to buckling. They are primarily due to 
internal stresses in the boll, and sometimes occur in a spiral plane 
or in elongated forms known as “ headed pits.” (4) Some 
abnormalities in the cotton hair are due to the tendency of the 
hair to fill up all available boll space, lijuitations imposed by the size 
of the boll having a great influence on hair conformation. 
(5) No true pits exist in the wall, but areas of special permeability 
occur in a double spiral pattern. [Jour. Text. Inst., 1923, 14 , 
T. 85-113. H. J. Denham.] 

Structure op cotton hair. 

Observations have been made on Sake! cotton, grown in a 
green-house, in the course of which three new methods wojc 
employed, namely, jl) observation in elliptically polarised light, 
(2) preparation of longitudinal sections, (3) development in tlie 
primary wall of a definite structure a nd of a substance reacting to 
cellulose stains, by boiling with potassium hydroxide. Tlie following 
conclusions are drawn : — (1) The direction of convolutions formed 
in isolated hairs fe entirely determined by the spiral reversals of wall 
construction. (2) Certain chemical relationsliips are indicated by 
the follo’wing facts : — (a) the wall does not fall into convolutions 
following tnere plasmolysis, but does so on drying : (&) this loss of 
constructional water is irreversible ; (c) the striictural relationships 
to polarised light are but little affected by strong alkalis, but arc 
readily abolished by acids. (3) Two cases of mirror image structure 
appear to exist in the hair wall though these do not necessarily 
imply stereo-isomerism. In both cases the surface of reversal is 
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at a normal to the current direction of gro\vtli : (a) the secondary 
wall fusible structure is shown to form mirror images on either side 
of a reversal point ; (b) the primary wall structure is conjectured 
to consist of two concentric cylindrical layers (probably 
molecular) whose structmres are mirror images. At reversal points 
these layers are presumed to change places. (4) The structures 
formerly termed “ slow spirals ” are designated “ slip spirals ” : (a) 
the slip spirals are now shown to be invariably opposed to the pit 
spirals, thus resembling cleavage planes ; (b) the single slip spiral 
of the cotton secondary wail is considered equivalent to the twinned 
slip spirals of wood cells, audit exists as a twin in the primary wall. 
(5) The number of structure reversals in the wall of one hair cell 
fluctuates round a mode in the neighbourhood of 30, indicating 
that a tendency to the formation of one complete reversal daily 
during growth in length is still a possible vie\v : {a) the full number 
is present as soon as secondary thickening begins ; (b) no means for 
demonstrating the presumed reversals in the primary wall have 
yet been devised. (6) Two helical spirals have been found: — (a) 
one is seen in both primary and secondary wall (slip spiral) at 70° ; 
it is twinned right- and left-handed in the former only ; (6) the 
other in the secondary wall, called the pit spiral, appears to have a 
constructional angle of 29°, sxtbsequently reduced by torsion during 
growth in thickness. (7) The tangents of these angles happen 
to stand almost exactly in the ratio of 4:1 which suggests 
poljunerisation, as does also the change in number of extinction 
positions. (8) Some tentative speculations as to its ultimate 
structure are made in terms of a space-lattice hypothesis. \Froc. 
Roy. SoG., 1923, 95B, 72-89. W. L. Balls.] 

Structure of cotton hair wall. 

The spiro-fibrillar structure of the cotton cell-wall suggests 
that the wall is a sponge-like structure with (in tire dry state) 
free air spaces therein. The specific gravity of cotton cellulose 
cell-walls, in their natural condition, is about 0*90 to 1*10. 
[Proc. Roy. Soc., 1923, 95B, 72. W. L. Balls.] 
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Mathematical contbol oe field plots. 

Tlie author discusses the probable error concept in the 
interpretation of field experiments and emphasizes its importance. 
The formulse in general use for the calculation of probable errors 
are explained and a new method, as well as a different way of using 
Bessel’s and Peter’s methods, is suggested. [Jour. Amer. Soc. 
Agronomy, 1923, 15, 217-224. H. H. Love.] 

Discussing some limitations in the application of the method 
of least squares to field experiments the author issues a warning 
against a too strict insistence on the application of the probable 
error and other constants. {Jour. Amer. Soc. Agronomy, 1923, 15, 
225-239. S. C. Salmon.] 





PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 





i 


In tke retirement of Rao Bahadue K. Rangachaei, M.A., 
L.T., on 3rcl September, 1923, the Madras Department of 

Agriculture 1ms lost a Botanist of distinction. 

After a brilliant educational career, Mr. Rangacliari joined the 
Madras Museum where he made valuable additions to the specimens 
and improved their arrangement. The best part of his activities, 
Innvever, began on his appointment as Lecturing Botanist at the 
newly opened Coimbatore Agricultural College. The facilities 
afforded by the well-equipped laboratories at the college brought 
out the best in him and helped him in producing the first Text Book 
on Botany for Indian students. It bears testimony to his wide 
knowledge and indefatigable industry and is being used as a Text 
Book in various arts and professional colleges. Last year he made 
another addition to the meagre literature on Indian botany by 
publishing “ A Handbook of Some South Indian Grasses.” 

In recognition of his valuable work Mr. Rangachai’i was created 
a Rao Bahadur in 1913 and elected to<rpreside over the Botanical 
Section of the Indian Science Congress in 1917. He acted as 
President of the Indian Botanical Society in 1922. 


❖ 



On return from leave, Me. S. Mieligan, hLA.,- B.Sc., resuimal 
the duties of Agricultural Adviser to the Government of India 
and Director, Agricultural Researcli Institute, Pusa, on 2nd 
November, 1923. 


* 


The services of Me. M. J. BIiett, 
Bacteriological Laboratory, Muktesaj*, have 
disposal of the Government of the Punjab. 
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M.R.C.V.S., Imperial 
been phiced at tlu! 



PERSONAL NOTES 


Me. K. McLean, B.Sc., Offg. Fibre Expert tt) the Government 
of Bengal, has been granted leave for five weeks from 1st 
December, 1923, Mr. N. C. Bose officiating. 


Colonel A. Smith, F.E..C.V.S., Principal, Veterinary College, 
Bengal, has been permitted to retire from 25th December, 1923. 


Mr. M. H. Soweeby, M.R.C.V.S., Ofi’g. Principal, Bombay 
Veterinary College, has been granted, from 1st August, 1924, 
combined leave for 15 months with permission to prefix the college 
vacation. 

Mr. G. Clarke, P.I.C., F.C.S., has been appointed to officiate 
as Director of Agriculture, United Provinces, mce Dr. H. M. Leake 
on deputation to the Soudan. 


The services of Dr. TL E. Annett, Opium Resear(;h Chemist, 
United Provinces, havm been replaced at tlie disposal of the 
Government of India with effect from the expiry of leave granted 
to him. 


Mr. P. K. Dey, M.Sc., Plant Pathologist to Government, 
United Provinces, lias been granted leave for three months from 
12th ISTovember, 1923, Mr. S. D. Joshi officiating. 


Lala H. N. Batham, M.A., has been appointed to officiate 
as Agricultural Chemist to Government, United Provinces, 
oice Mr. G. Clarke on other duty. 


Babu Sirish Chandra Banerji has been appointed to officiate 
as Assistant Agricultural Chemist, United Provinces, vice Lala H. N. 
Batham on other duty. 
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Khan Saheb'Mahomad Naib Httssain has been appointed to 
officiate as Deputy Director of Agriculture, Rohilkhand Circle, 
United Provinces. 

* 

i|s 

Oisr return from leave Colonel G. K. Walkee, C.I.E., O.B.E.j 
F.R.C.V.S .5 resumed charge of his duties as Principal of the Punjab 
Veterinary College, Lahore, on 1st October, 1923. 

❖ 

On return from leave Captain E. Sewell, M.C., M.R.C.V.&., 
resumed charge of his duties as Professor of Hygiene in the Punjab 
Veterinary College, Lahore, on 1st October, 1923. 

❖ 

Mr. J. W. Grant, M.A., B.Sc., Deputy Director of Agriculture, 
Burma, has been posted to the charge of the Tenasserim Circle with 
headquarters at Moulmein from 1st December, 1923. 


Mr. T. D. Stock, B.Sc., D.I.C., A.R.C.S., Deputy Director of 
Agriculture, Myingyan Circle, Burma, has been nominated to be a 
member of the Indian Central Cotton Committee, Bombay , vice 
Mr. L. Lord. 

. c 

On reversion from the appointment of Agricultural Adviser to 
the Government of India and Director, Agricultural Research 
Institute, Pusa, Dr. D. Clouston, C.I.E., has been reappointed 
Director of Agriculture, Central Provinces. 




On relief by Dr. D. Clouston, Mr. P. J. Plymen, A.C.G.I., has 
reverted to his substantive appointment of Agricultural CJiemist, 

Central Provinces. 

■ ■ ■ 

Rai Bahadur Kanak Lal Barua, B.L., has been appointed 
Director of Agriculture, Assam, in addition to his own duties as 
Director of Industries and Registrar, Co-operative Credit Societies, 
from 11th October, 1923. 


tv.' V i"--' V ' ' 











Insecticides and Fungicides ; Spraying and Dusting Equipment. A 

Laboratory Manual with Supplementary Text Material.— By 0. G. 

Anderson, Professor of Horticulture. Purdue University. 

and P. C. Roth, Institute in Horticulture, Purdue University. 

Pp. xvi + 350 + 71 figs. (New York : Jolm Wiley & Sons, Inc. ; 

London : Chapman and Hall.) Price, 15s. net. 

This book is an excellent manual of the preparation and 
application of the various solutions and machines used to protect 
plants against pests and diseases, a subject on which a concise and 
modern compendium will prove very welcome to plant pathologists. 

The first half of the book is written in the form of a series of 
; laboratory exercises. Each exercise contains directions for the 

preparation and use of an insecticide or fungicide followed by a 
few questions to test the student’s knowledge. The sources from 
; ■ wliich the information necessary to answer the questions may be 

best obtained are sometimes indicated by references to current 
literature, by no means the least valuable feature of this work. 
Some fifty exercises in tlie first half of the book are taken up in 
this manner and the remaining 25 deal chiefly with fumigation, 
dusting and the various types of spraying machinery. This section 
of the book should prove of utility both to those engaged in 
instructional work in colleges and technical institutes and to growers 
and others engaged in practical and commercial phases of the 
horticultural industry. The authors have wisely eschewed the 
complex chemistry of the various spraying solutions, and the 
practical man will not find himself bewildered by formulae and 
scientific information which he cannot with advantage assimilate. 

The second half of the book contains chaptem on the control 
of insect and fungal diseases and on modern types of spraying and 
dusting machinery. 
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Dr. Max W. Gardner, Tliis autlior groups the inetliod of control ol 
plant diseases under five headings : (.1 ) Exclusion, (2) Extermination, 
(3) Inhibition, (4) Protection, (5) Disease Resistance. 

Exclusion is carried out in most civilized countries by regula- 
tions which prohibit and restrict the importation of living plants 
from foreign cotmtries. The author points out how chestnut blight 
and white pine blister rust entered the United States vdth foreign 
stock and how the potato warty disease entered with imported seed 
tubers. In this country many will be familiar with the regulations 
designed to prevent the introduction of the latter disease into India. 

As exanprles of the control of fungal diseases by the total 
extermination of the parasite the author quotes the citrus eanlcer 
campaign in Florida, soil disinfection, the control of smut diseases 
by seed steeping and the control of powdery mildews on gooseberry 
and roses, and of peach leaf curl by spraying. Except in the case 
of the steam sterilization of the soil of small seed beds it appears 
doubtful to the reviewer whether absolute extermination of a 
parasite can ever be secured, although quite satisfactory control of 
a disease may be obtained. Thus in India complete control of peach 
leaf curl in the North-West I'i’rontier Province is obtained on those 
orchards which have adopted dormant spraying with lime sulphur. 

The control of fungal diseases by inhibition implies the adoption 
of some agricultural practice which acts adversely to the success 
of the parasite without appreciably affecting the host. Thus, in 
addition to the ordinary sanitary precautions which fall under this 
head, heteroecious parasites may be controlled by the eradication 
of the alternative host, e.g., stem rust of wheat and apple rust. 
In India, however, the wheat rust problem coidd scarcely be solved 
on these lines. Alterations in the soil reaction by special manuring 
may also give control of a parasite. Liming the soil against cabbage 
club root and the application of sulphur against potato scab are 
^vell known, and, in India, manuring with potash has been found 
to lessen the incidence of stem rot in jute. 

By protection is meant the application t»f a poisonous substance 
to the exterior of the plant before it has become infected. This 
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is usually carried out by spraying or dusting wit-li a fungicide. In 
India the crops which are sprayed are chiefly tea, fruit orchards, and 
other valuable crops, such as areca-nuts. Dusting has not yet been 
carried out on an appreciable scale in this country and indeed the 
relative merit of dusting and sprajdng is yet a debated question. 

The control of a disease by tlie introduction of a varietjvof the 
host which is immune to the attack of the parasite i.s familiar to ail 
agriculturists— the wheat crop perhaps furnishing the best example. 

The chapter on the control of plant diseases is followed by 
several others devoted to a description of modern spraying and 
dusting machinery. As the authors truly remark, “ if a spraying 
machine built ten years ago could be exhibited and compared vvitii 
the latest model by an expert, the improvements and changes 
would be even more numerous and impressive than a similai' 
comparison of automobiles.” This part of the book is of great 
interest both for tlie number and types of the most modern machines 
described and illustrated and as a revelation to workers in othei' 
countries of the extent to which higli powered spraying is practised 
in the United States of America. The machines described and 
figured range from a Hand Atomizer to a 5-ton motor truck workino 

'■ o 

at a pressure of 1,000 lb. The book concludes with two useful 
chapters on dusting and the operation of the gas engine. 

In a subject which is developing and changing as rapidly as 
plant pathology it* is impossible for any work to remain for long 
the last word on fungicides and spraying. The authors, however, 
are to be congratulated in that, at the present moment, tliej have 
succeeded in collecting and arranging in an accessible form 
the vast mass of information scattered through the scientific 
and technical journals of plant pathology, agricvdture and 
horticulture. [F. J. F. S.j 

=Iv 
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Manual of Dairy Farming.— By B. K. Ghare, College of .igrieulture, 

Cawnpore. 

Mr. Ghabe has sho\fn considerable care and some knowledge 
of Indian conditions in compiling this work which deals briefly 
with soils, manures, cultivation ; housing, feeding and luanagemeut 
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of cattle; milk production, dairy products, tests for dairy products 
and the principles of cattle breeding. The arrangement of t le 
book would be improved if Part IV-Cattle Breeding-followed or 
preceded Part II— Cattle Management. The book is largely a 
compilation of what has been written by various writers concerning 
European, American, and Indian dairying, and does not attempt 
to set forth results of original work in the direction of dairy research 
done by the writer in India, but all the same the writer shows a 
genuine appreciation of dairy conditions in India and the book is 
certainly a valuable addition to the scanty literature available 
concerning the dairy industry in this country. 

The general principles applicable to Indian dairying laid down 
in the book are sound, and well and clearly stated, but the figuies 
given as to the average yields, periods of lactation, etc., of Indian 
breeds of dairy cattle cannot be accepted as correct. They evidently 
refer to those of specially selected animals or herds, and it is a 
practical impossibility to-day to go into the market and purcnase 
any reasonable number of either G-ir, Mewati or Montgomery cows 
which would give the yields of milk per lactation quoted by 
Mr. Ghare, and it wmuld be a very difficult matter and take a very 
long time to obtain in commercial quantities either Sindi cows, 
Delhi. Jafferabadi or Surti buffaloes which would come up to the 
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1. Heredity in Poultry, by R. C. Punnett. Pp. xi-1-204+12 

plates. (London : Macmillan & Co.) Price, 10s. net. 

2. Botany : Principles and Problems, by E. W. Sinnott. 

(London : McG-raw Hill Publishing Co.) Price, 15s. 

3. Cotton and the Cotton Market, by W. Hustace Hubbard. 

Pp. xii-j-503. (London: D. Appleton & Co.) Price, 16s. 
net. 

4. Oleaginous Products and Vegetable Oils : Production and 

Trade. Pp. xxxiv+511. (Rome : International Institute 
of Agriculture.) 

5. Methods of Seed Analysis, by C. B. Saunders. Pp. 15. 

(Cambridge : National Institute of Agricultural Botany.) 
Price, Is. 

6. The Cultivation of Sugarcane in Java, by R. A. Quintus. 

Pp. xii-[-168. Illustrated. (London : Norman Rodger.) 
Price, 12s! net. • 

7. Researches on Fungi, by Prof. A. H. Reginald Buller. Vol. 2 : 

Further investigations upon the production and liberation 
of spores in Hymenomycetes. Pp. xiid-492. (London: 

8. The Story of the Maize Plant, by P. Weatherwax. 

Pp, xv+247. (London: Cambridge University Press.) 

■ Price, !• 75 dollars. 
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10. The Foundations of Agricultural Economics, by J. A. Venn. 
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1 1 . Managonioiit, by W. J. Spillman. Pp. 500. (New 

Yoi‘k : Orange Judd Publishing Company, Inc.) Price, 
3 dollars. 

Ttte following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Bulletins. 

1 . The Improvement of Fodder and Forage in India (Pajiers read 

before a Joint Meeting of the Sections of Agriculture and 
Bfdany, Indian Science Congress, Lucknow, 1923), edited 
by Gabrielle L. C. Howard, M.x4. (Pusa Bulletin 150.) 
Price, As. 6. 

2, A Method for the accurate determination of Carbonic Acid 

present as Carbonate in Soils, by Phani Bhusan Sanyal, 
IM.So. (Pusa Bulletin 151.) Price, As. 2. 



Report. 

Scientific Eeports of the Agricultural Research Institute, 
Pusa (including the Reports of the Imperial Dairy Expei-t 
and Secretary, Sugar Bureau), for the year 1922-23. Price, 
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SOME COMMON INDIAN BIRDS 
No. af). THE HAWK-CUCKOO {HIEROCOGQYX VARIUS). 

BY 

T. B.XINRBTOGE FLETCHER, R.N., F.L.S., F.E.S., F.Z.S., 

Imperial Entomologist; 

AND 

C. M. INGLTS, M.B.O.U., F.B.S., F.Z..S. 

'riiE corniiion name “ Hawk-Cuckoo ” conveys a good descrip- 
tion of this bird, as it is really a Cuckoo which looks very like a liawk. 
It is about ihe size of a mynah, but with a longer tail, greyish- 
brown in colour, whitish beneath, the breast tinged vnth piiJr, 
each feather with darker cross-bars, eyes and legs brilliant yellow. 
When on the wing, it looks very much like a small hawk but, when 
it alights, it at once assumes a slouching, cxrckoo-Iike attitude, 
with the wings dropped forward so as to touch the perch and the 
tail slightly raised and expanded, thus presenting an aspect very 
different from the compact and alert look of a hawk. Seen thus, 
at rest, this bird can hardly be mistaken for a true hawk, as it has 
the furtive, peering ways of common cuckoos, constantly jerking 
itself from side to side and puffing out its throat. 

The appearance of the ^Hawk-Guckoo is probably less familiar 
to most people than is its note, wffiich has aptly earned for it the 
notorious title of the “ Brain-Fever Bird.” Our Indian gardens 
and groves contain many sweet-voiced singers amongst their avian 
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denizens and a few whose voices are less grateful to the ear, but 
there is not one whose notes consist of such ear-splitting and nerve- 
racking cries as do those of the Brain-Fever Bird. With the most 
annoying persistence and reiteration this bird repeats its cry, which 
bears a remarkable resemblance to the word “ brain-fever ” repeated 
in a piercing shriek running up the scale. The cry may also be 


Head and foot of Hawk-Cuckoo {Hierocoecyx mrim)* 

written as “ Pipiha ” and in some districts the vernacular name 
of the bird is given as Pupiya. Another rendering of the call, 
which includes the overture preceding the triple note, is, “ 0 lor’ ! 
0 lor’ ! how very hot it’s getting — we fehl it, we feel it, we peel it.” 
The call is extremely loud and shrill and can be heard — indeed, it 
cannot but be heard — within a radius of several hundred yards, 
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but one of the most annoying things about it is* its intermittent 
character. Tiie human ear soon becomes accustomed to any 
continuous and uniform kind of noise. One becomes so accustomed 
to the buzz of a dynamo that one awakens at once if it stops. The 
copper-smith tonh-tonhing in the garden all day is hardly heard i 
consciously unless one listens for it. But the shrieks of the Brain- 
Fever Bird burst their way without ceremony into one’s inner 
consciousness, whether awake or asleep, and one cannot help but 
hear them. “ We feel it, ive feel it, we feel it ” go the cries, up 
and up the scale, and then suddenly stop, and one hopes fervently 
that this fiend in bird’s plumage has burst its throat or at least 

; . 

flown away out of ear-shot. But no ; after a short interval it 
begins again and may continue for hours at a stretch. Very often 
the performance commences just at dusk, when it has got too dark HI 

to make out the culprit, and lasts all night without intermission. 

When tliis sort of thing takes place on a really hot night, the victim, 
who is attempting to woo sleep after a hard day’s work, may well 
be excused if the first dim dawn sees him sallying forth on vengeance 
bent. But vengeance is not always easy to attain. The bird usually 
perches high up in a tall tree and keeps so still and is so inconspic- 
uously coloured that, even when its shrieks locate the very branch 
whereon it is sitting, it is not always easy to make out. Further 
more, it is wary and often flies off as soon as it sees that it has been 
detected. There arg, however, usually only a few individuals in 
each locality and a comparatively small reduction in numbers works 
wonders in abating the nuisance. The call being very penetrating, 
it often happens that these birds call to one another across a distance 
of perhaps half a mile and, by shooting one bird forming a Hnk in 
the chain between others on either side of it, the chain is broken, 
and a blessed peace reigns once more, at least until another bird 
invades the immediate neighbourhood. In Bihar the call of this 
bird coincides with the approach and duration of the hot, dry 
weather before the monsoon ; occasionally it may be heard as early 
as in December but more usually commences about February and 
is continued, becoming more frequent and continuous, until the 
Bains break, when there is a welcome cessation for a few months. 
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In Mther districts tJiis may not be so; tiuis, as regards Calcutta, 
(..Huiningliam states that ‘‘ there is hardly any season at which theii 
characteristic notes may not occasionally he heard ; but', as a rule, 
it is during the rainy months that they a.ro most frequent, so that 
the desigiiation ‘ hot-u’'eather bird, that is often applied to the 
species in other parts of the country, is hardly applicable to it in 
Calcutta.” 

According to Blanford, the Hawk'Cuckoo occurs throughout 
the whole of India and Ceylon, extending as far East as Dacca, 
but not to Assam, and ^\'est to Rajputana, but not to Sind or the 
Punjab; but, although odd examples may occur throughout this 
area, its ra.nge as a common bird seems to be more restricted. It is 
extremely common in the United Provinces and Bihar, less common 
further south in Bengal. Dervar notes that he never heard it in 
Madras, nor did I ever hear it during my residence in Coimbatore, 
and it is apparently quite absent in the island of Bombay. In 
some districts in which it is absent, or at least scarce, the 
Hawk-Cuckoo is frequently confounded with the Koel and the 
name “ Brain-Fever Bird ” given to the latter. As Dewar puts 
it, “ There is certainly some excuse for the mistake, for both are 
cuckoos and both are exceedingly noisy creatures ; but the cry of 
the koel bears to that of the brain-fever bird or hawk-cuckoo much 
the same relation as the melody of the organ-gxinder does to that 
of a full German band. Most men are' willing to offer either the 
solitary Itahan or the Teutonic gang a penny to go into the next 
street, but, if forced to choose between them, select the 
organ-grinder as the lesser of the two evils. In the same way, 
most people find the fluty note of the koel less obnoxious than the 
shriek of the hawk-cuckoo.” 

In spits of its obnoxious vocal eflorts, the Hawk-Cuckoo does 
some little good by feeding on injurious insects, although when it 
can find time to hunt these out in the height of the hot weathei’, 
when it seems to be calling continuously day and iiight, always 
seems somewhat of a mystery. Like other cuckoos, it eats hairy 
caterpillars, whose defensive armament protects them from the 
attacks of most other birds, and it also eats other caterpillars, 
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crickets, grasshoppers, bugs and beetles. The diet is a mixed 
one, comprising buds and fruits, particularly wild fig fruits, as well 
as insects. It is presumably on account of this redeeming feature 
that this bird is protected in Delhi, the United Provinces, Bengal 
and Assam (where, however, it does not occur !). 

Like other Cuckoos, the Brain-Fever Bird economizes in 
house-keeping, building no nest of its own but placing its eggs in the 
nests of other birds, usually the “ Seven Sisters ” or some allied 
species of Babblers, the breeding-season lasting from April until 
June. The eggs are deep blue in colour and measure about 26 mm. 
by 20 nun., and are about the same size and shape as those of the 
foster-parents. The Babbler’s eggs are wholly blue, very glossy, 
hard-shelled and broad, blimt ovals in shape ; the Hawk-Cuckoo’s 
eggs are very similar in colour but with a softer, more satiny surface, 
less glossy and v/ith. much thicker shells, in shape rather more 
spherical or elliptical and slightly larger than in the Babblers. When 
lying side by side in the nest, however, the eggs of the Babbler and 
of the parasitic Cuckoo are often practically indistinguishable. 

The manner in which Cuckoos’ eggs are deposited in the nests 
of other birds is one which has engaged a great deal of attention. 
It used to be supposed that the eggs were laid in the normal way 
in the nest ©f the birds selected as foster-parents and this may 
occasionally be done, but the more frequent method is for the egg to 
be laid and then carried by the cuckoo in its bill and dropped into 
the nest selected for the purpose. The unusually thick texture of the 
cuckoo egg-shell seems to be specially adapted to this end as, in cases 
where the nest is placed inside a hole, the egg may have to be dropped 
into it from a ^ little height. In the case of the Hawk-Cuckoo, 
it is possible that its hawk -like appearance on the wing may be 
advantageous in securing a clear field for depositing an egg iji this 
way in the nest of the Seven Sisters, as one observer states that 
the whole sisterhood make themselves scarce when the Hawk-Cuckoo 
apj)ears on the scene,, and thus give her a fair field for jilanting 
her o\'aI imposition on them. Our Plate shows a Hawk-Cuckoo, 
with an egg in her bill, about' to be 
of these Babblers. 
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on the method of egg-deposition employed by this and other Indian 
Cuckoos, are very desirable. 

The Hawk-Cuckoo is known vernacularly as Ku^pah and Pupiya 
in Hindi-speaking districts, as Chok-gallo in Bengal, as ZoJckliat 
in the Deccan, as Irolan in Malayalani and as Kutti-pitta in Telugu 
districts. 
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INTEBNATIONAL CONGRESS ON CATTLE 
BREEDING. 


BY 

G. S, HENDERSON, N.D.A., N.D.D., 

Imperial Agriculturist. 

The International Congress on Cattle Breeding was held at 
Scheveningen near the Hague beginning 29th August, 1923. The 
general attendance was good and there were representatives from 
all parts of the world (Plate V). 

The subjects under discussion were as follows:— 

Section I. Department of Science — 

{a) Which new ideas and opinions about the doctrine of the 
heredity should, be considered to be of importance 
for cattle breeding 1 

(b) Which are the opinions of recent date about the method 
of feeding ? 

17. Department of Registration— 

(а) Which data should be mentioned in the cattle herd-book 

and how will this information have to be collected 
so that there will be a sufficient guarantee as to its 
correctness ? 

The method of recording the production of millr not to be taken 
into account here. 

(б) In which way shall the control (production) of milk be 

carried out, and is it possible to make international 
regulations about this ? 

Section 111. Interference and care of public authorities and 
influence of associations — 

(a) In which way could the breeding of cattle be promoted 
by the public authorities by other than veterinary 
measures? 
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(b) In wliicli way would it be possible for associations, whose 
object it is to improve the cattle stock, to make a 
practical use of the information to be obtained through 
science and registration ? 

Section IV. Economical breeding— 

(«) Which points will have to be taken into consideration 
when selecting a breed for a certain type of an 
agricultural enterprise ? 

{b) How could tuberculosis among cattle be combated in a 
practical way and what is the experience of different 
countries in this respect ? 



_ iSubject I {a) on heredity was an interesting sub-section and 
a summary of a paper by Professor Kronacher is appended. A 
summary of the paper by Professor Per Tuff is also giA^en. 

Summary oii’ paper by Prop. Kronacher. 

(«) 

Selection;, ill breeding signifies nothing else than making use, 
in practice, of the laws of nature witJi regard to lieredit}'. Ample 
knowledge of the results of the laws of heredity tliat have been 
acquired is therefore of especial significance foj‘ thv breeder of 
cattle. For cattle breeding, the most importance must be attached, 
in the first place, to the results ’ (.»f investigations in the 
following tiiree. spheres of the law with respect to iieredity ; the 
genotype and the phaenotype doctrines of .Toliannsen, the niuta- 
tion doctrine according to de V'ries and also the teachings 
of Mendel, further deAmloped by many investigators during the 
past twenty years. 

ib) 

1. The work from Johamisen and his school shows that the 
differences in the development of distinctive marks and charac- 
teristics, among the several indmduals, ma»y only be the result 
and expression of the difference of conditions of life (pheenotypical 
differences, modifications) or they may be the expicssion of geno- 
typicad dift’crences. 
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Both of these causes may also co-operate, as is the case of 
foreign impregnation, as occurs in by far the most instances in 
the manner of our domestic animals. 

Owing to the difference of the Ciiuses, the value also of the 
variations among tire individual domestic animal is defined for 
selective breeding. 

The appearance and the performances of a breeding animal 
are unable to tell us anything concerning its breeding and here- 
dity value, because we are not able, without anything else, to see 
wiiich of the two causes in question, in the particular case, gave 
rise to tlie different development of certain characteristics in the 
individuals to be judged. This can only be ascertained when it is 
known hoAV the following generation has turned out. 

From these views concerning the doctrines of variation and 
selectiorr of recent times, ignorance and neglect of which has 
caused great loss of capital and work on breeding to practical 
cattle raising, the extraordinarily great importance of the indi- 
vidual for selection is seen, and also the necessity of the exami- 
nation of its progeny— respectively its value as regards heredity, 
by virtue of the results of that progeny. The breeder must, as 
far as possible, use for his breeding exclusively those animals 
whose advantageous characteristics, with respect to breeding, 
as regards build of body and performances, are the expression, 
[irimarily, of a.n inherited susceptibihty, which, even under average 
circumstances, is to be seen to equally great advantage. 

The idea, of heredity of acquired characteristics, as if the 
development (modification) of certain parts of the body and 
their activity (performances), acquired during the individual Jives of 
tJie animals under the influence of circumstances, via the one or 
other course, is transmitted on the germ cells, respectively, the 
prevailing susceptibility to heredity, is not compatildc wdth the 
theory mentioned with respect to this; nor is any support to be 
obtained for this theory from the extensive experimental investi- 
gations in that sphere, least of all, however, from the experience 
gained in cattle breeding itself. For, if inlieritance of acquired 
characteristics, in the above-mentioned sense, and a continual 
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progressive alteration ot tne total nereoitaiy possesBiou aucuiupauj- 
ing this, j owing to selective breeding, that lias been carefully 
conducted in one direction for such a long time now, took place, 
in all sheds, where breeding has been carried on efficiently, there 
would now be exemplary herds in every district. 

There are, however, enough ways and means for the cattle 
breeder to achieve his purpose, even without such speculations as 
the presumption of the heredity of acquired characteristics, in the 
foregoing sense. 

2. Among a homozygote and heterosygote herd, sudden, 
spontaneous changes of the susceptibility to heredity occur (changes 
of the genotype) which make themselves manifest as changes of 
heredity, occurring under similar conditions, of the actual exterior 
distinctive marks or performances (changes of the phsenotype), 
mutations. Such a mutation is to be observed among plants, 
among the lower and higher animals, including our domestic 
mammals. They may be due to a loss of a factor of heredity, 
the quahtative or quantitative character of a prevailing factor, 
or the acquisition of a new. Concerning the occurrences and 
causes that effect such changes in the germ plasma, so far, nothing 
is known with any degree of certainty. It would, however, 
appear that besides inner, exterior influences, via the ' circuitous 
route of general alimination, both the body cells as well as the 
germ cells may be influenced and changes fnay be affected. 
Whether in each particular case one has to do with a “ mutation ” or 
a “ modification,” can only be decided by observations among the 
progeny. Modifications, particularly of quantitative characteris- 
tics, which presumably occur more often than is genergiUy supposed, 
can, as a matter of fact, also be of a less obvious character and even 
then be within the normal lines of modification. Then, however, 
since they result in a continual removal of the average, in the develop- 
ment of the characteristics in question, under certain circumstances 
they are of great significance for the results of ‘selection. Further, 
what is known so far concerning mutation, shows us again the 
extraordinary importance of the single individual in selection and 
the necessity of determining its breeding value by means of the 
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progeny ; there is also, however, the necessity of fixmg, in figures, 
the build of body and the performances of the animals in the 
succession of generations. 

3. The Mendel investigations have shown, with absolute 
certainty, that every factor of heredity {situated in the chromoso- 
men) for the most varying morphological and physiological charac- 
teristics behaves, in the process of heredity, perfectly independently, 
and that on crossing (bastard forming) the introduced hereditary 
factors in the succeeding generations are subject, according to 
fixed laws, to a splitting up ; it has almost always been possible to 
find a natui'al explanation that is quite compatible with this. 

Whether, in a few exceptional cases heredity has taken place 
according to other laws than those regarding the splitting up of 
the cells, or perhaps also to certain characteristics of the animal 
body, are not determined by special natural disposition in the 
kernel, but are general ahmentary characteristics of the entire 
plasma, both of the body and the germ cells, is a question that 
has remained unanswered down to the present. In any case, the 
Mendel law of separation, apart from such disappearing and hitherto 
unknown exceptions, is generally of application, also for the process 
of heredity among our domestic animals. 

With this insight, a great number of conceptions and ideas, 
which, until quite recently, had an overwhelming influence upon 
the views of breeders, must disappear. Before everything else, 
breeders must, once and for all, give up the idea of the existence 
of a “ constant intermediary heredity,” of the occiu-rence of exist- 
ing middle formations remaining ahke for longer than the first 
generation, on. the pairing of animals of similar or different breeds 
with, in certain directions, opposite hereditary dispositions. But 
even the view of an arbitrary possibility of mixing characteristics 
generally, expressed by the terms fths, |ths, ^ths blood, etc., 
will have to be rejected. 

The fact tliat has been ascertained, that it is not the type of 
animal as such that is inherited, that the natural disposition of 
characteristics does not form one whole in the process of heredity, 
but that, on the contrary, the separate factors of heredity 
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take tlieir own course, gives us a second insight that is extremely 
important for the practice of breeding : the insight of the possibilit}- , 
in principle, of a systematic combination in one, of the various 
distinctive marks and characteristics, hitherto distributed through- 
out several hereditary types and races, i.e., the insight into the 
possibilities and means for the breeding of new hereditary types 
and races, by means of crossings. 

A decisive influence upon the entire forming of the meanings, 
and general effective mode of thought in breeding, has been the 
chief cousetpience of the results of the new doctrine of heredity 
iind especially of the two fundamental views of the Mendel doctrine. 

1’he conse(pience of these altered ideas in the world of breeding 
will be: Tiniform general methods of breeding and a, uniform 
explanation of the appearances which occur on the carrying on of 
hreediiiir. as the.se, as a matter of fact, are already beginning to 


Regarding the cpiestion concerning special possibilities of 
making use, in practical breeding, of the new doctrines of heredity : 

1 . The method of the choice of individual breeding which 
must fix the “breeding (as to heredity) value” (in contrast to the 
“ personal value ”) of a breeding animal and, under certain circum- 
stances, also its homozygote and heterozygote disposition in connec- 
tion with I'esults of the progeny, as a consequence of its pairings 
for crossings, respectively, of trial pairings. In practice, it appears 
that the .method of ])airing for crossings, which must serve especiali}' 
for the lixiug of the heredity of quantitative characteristics, for tlie 
larger domestic animals, however, this is only possible under cerfaiii 
conditions, for the purpose of a.j)pro\iug male breeding animals. 
Even here, however, from an economic point of view, fixed limits 
have been set for the application of this method as a result of tlie 
numerous characteristics that are generally to be taken into account . 
but also owing to the slow process of increase and the long tiliu* 
before being capable of use, by the larger domestic animals. The 
method that has been applied, for some time past, upon svhicli 
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fixing the powers oi performance must be based,' in Eiiglaud and 
other countries is experimental. 

In order to achieve a result inspouding to this, it would seem 
to be necessary to limit oneself, primarily, to the observance of 
one or just a very few of the most important characteristics and 
then systematically, one after the other, according to their 
significance, bring these within the method of selection. For an 
easier and more certain insight into the heredity disposition of the 
parents to be approved with respect to quantitative disposition, 
in the very first place, it would appear also to be effective that the 
offspring should be reared under normal or even moderate, but in 
no case under especially favourable circumstances, seeing that 
otherwise, in such cases, the difference between favourable modifica- 
tions of moderate and bad hereditary disposition is not to be 
distinguished from an inferior development of very good hereditary 
disposition, fiiiose individuals which give evidence, also under 
comparatively simple conditions of life, of bodily development 
and performances of liigh v'alue, are just of the greatest importance 
to the breeder. 

The fact that the Mendel doctrine has laid it down that a whole 
number of distinctive marks and characteristics of our domestic 
animals, tlje so-called quantitative characteristics according to 
the nature of the quantity of milk, the percentage of fat, etc., 
just the most important for breeding, are apparently determined 
by factors of heredity, working, more or less, in the same 
direction, in any case combining their work, facilitates for the 
breeder the insight into the symptoms acting in this connection 
and simultaneously with this the work of cattle breeding. It 
shows him, in the first place, how indispensable it is to know 
how the progeny turns out, if he is desirous of correctly i 

estimating the breeding value of the parents, and, secondly, the I 

necessity of the exact carrying out of examinations concerning 
performances. . j 

For the more extensive practical use of the possibility of an 
effective combination of economically valuable characteristics, 
distributed among several races, in one breed, by a systematically 
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founded scientific, metliod, especially for tlie larger and tie largest 
domestic animals, in a great measure, so far, furtfier knowledge 
of tke nature and tke conduct of tke hereditary disposition, which 
determines the economically most im.portant, and in the special 
case, the characteristics especially required, is lacking. Those 
methods which, as a matter of fact, are already being applied at the 
present time with some systematic experiments, even after we shall 
possess the further knowledge necessary for this, with respect to 
the main thing determining hereditary disposition, it will still be 
difficult and especially for complicated combination breeding, the 
application will continue to be limited. In any case, however, 
especially for times of drastic change in economic conditions and the 
need accompanying these of a new formation of the stock of cattle, 
as also for special occasions, not to be underestimated for prospects 
for the affecting of an alteration of the stock of cattle, within’ a 
corresponding period that will adapt itself, as well as possible, to the 

altered or special circumstances. 

The new doctrine of heredity has an exceptionally lasting 
influence upon the mode of thought of the breeder, and with this, 
upon the general measures and the judgment of the results of 
breeding. 

It shows breeders the necessity of making use of_ individual 
selective breeding on the basis of the result of the progeny, and 
shows him the ways and means, truly limited^ indispensable to 
this for breeding domestic animals. 

The views of the Mendel doctrine give the breeder very valuable 
general particulars and also even many special points for combina- 
tion in carrying on selection in breeding. For any scientifically 
systematic carrying on of selection, both within a breed, especially 
with a view to attaining as good results as possible from combination 
breeding, further knowledge concerning the nature and the conduct 
of the definite factor of heredity is still lacking. 

It is in the interests of the economic breeding itself of domestic 
animals to inv'estigate in all directions* the question of heredity 
among domestic animals, especially by supporting existing or 
newly established institutions for biological research and to promote 


INTERNATIONAL CONGRESS ON CATTLE BREEDING 


125 


as extensive as possible berd-book relations available for the investi- 
gation of lieredity. 

Summary op paper by Professor Per Tuff. 

Tbe analysis and investigation of tlie ekaracteristics and circum- 
stances of heredity in our breeds of cattle must be based primarily 
on the particulars of the herd-books. Those herd-book particxilars 
are also of great significance for studjung the results of various 
methods of breeding. It would therefore be desirable that the herd- 
books should be compiled according to a common international plan, 
so that the particulars from individuals should be similar, complete 
and as reliable as possible. 

By a systematic selection in breeding, it may be attained that 
within one and the same breed, the herd will acquire a similar 
exterior, but an uncertain heredity. A system of in-breeding will 
not only support a choice of breed for similar characteristics, it 
will also result in a lasting and certain heredity. 

The effect of selection in breeding, as regards recessive and 
dominant characteristics, is different. ' A recessive characteristic 
immediately becomes homozygote and will certainly be transferred. 
Selective breeding of a dominant characteristic, will, in tbe end, 
lead to homozygosis ; this, however, takes place very gradually. 
Dominant characteristics, based upon homomere factors, practically 
speaking, cannot become homozygote solely by selective breeding. 

The effect of in-breeding consists in this, that it leads,' auto^ 
matically, to homozygosis of all tendency to characteristics. 
Harmful results from in-breeding are consequent on the sphtting up 
of recessive weaknesses. Most of the old races of cattle are based 
upon in-breedi’ng ; they are kept intact by this means and are 
indebted for their constant heredity to this. Simultaneously they 
have been purified, in a great measure, from disintegrated consti- 
tutional weaknesses. Such races, as a rule, will stand in-breeding 
well. An example oi tliis is seen in the Telemark cattle in Norway. 
Young races of cattle, and races in which in-breeding has not taken 
place, wiU generally not be able to stand this weU, and in that case, 
care must be taken with the application of this method of breeding. 
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liv the introduction of new blood. 

It would be de.sirable that in-breeding .should find greater 
application in practical cattle bi’eeding, as a valuable means oi 
fixing good characteristics, so that these be transferred. Where 
in-breeding can be applied, greater advantage will also be able 
to be taken of valuable covering bulls, by allowing the.se to 
serve closely related cows (such as, e.g., daughters or giaiul- 
daughters). 

Probably Wright’s^ in-breeding co-efficient is the best of the 
various measures or expression, s for the degree of in-breeding, as 
thi.s gives, in a good way, the homozygosis achieved. 

Colonel Matson, of the Indian Military Dairy Farms, contri- 
buted a paper on the results of crossing of Indian cattle 
with European breeds. 

Bubiect I (h) on feeding was la.rgely of a physiological natuie. 
Borne of the chemists present using the languages of their respective 
(•.ountries could not be followed by the writer, but judging from the 
tone of the discussion there seemed to be some serious difference, s 
of opinions. 

Subject II "ivas concerned with registration, and discussion 
ranged round the necessary particulars required* in herd-books and 
other registration forms. 

It was pointed out in discussion that a Friesian breeder in 
Australia might import stock from America, England or Holland 
and get animals with very different characteristics. . 

Subject III (a) on promotion of eattle breeding by the State 
is of considerable interest to India. The following summary of a 
paper by Dr. Attinger gives a catalogue of means whereby the State 
can usefully help on cattle breeding. 


nVr’K'ht, Sewnll. , C<>-eificiente of lE-breeding. Amertmn Vol. LVL 1022, 

P-320. 
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Summary op paper by Dr. Attinger. 

Cattle breeding in all civilized countries enjoys more or less 
encouragement on the part of tbe State, because tbe welfare and 
food-supply of the nation is dependent upon its development. The 
many uses to which cattle are put, raise the cow above the other 
agricultural domestic animals. 

It may also be said and proven that the height of the develop- 
ment of cattle breeding is a standard for judging the civilization of a 
nation. The State is therefore bound to promote the development of 
stock-keeping. 

This may be done by : — 

1. Measures in connection with the cultivation of food-crops 
and the supply of fodder. The cultivation of food-crops forms the 
basis for the raising of cattle. Those measures have reference to the 
improvement of pasture lands, the promotion of susceptibility to 
this, extension of the cultivation of food crops on agricultural land, 
appointment of advisers, inspectors of seed cultivation, etc. The 
putting of peat grounds and heath under cultivation, the facilitating 
of the import of fodder in times of failed harvests. 

2. Promotion of the health condition of the cattle, education 
and advice for breeders in the sphere of feeding, pasture, shed and 
breeding hygiene. 

3. Legal regulations concerning characteristics, the keeping, 
examination and use for breeding purposes of the male breeding 
animals (compulsory examination). 

4. Promotion of the investigation of powers of production, the 
training of milk inspectors, the holding of shows and exhibitions 
with classes for production, institution of controlling associations. 

5. The establishment of Grovernment model industries and 
model breeding farms. Those establishments must not be set up at 
great cost, which cannot be emulated by the breeders, but the 
establishments, as regards equipment, manner of working and profit 
making, will have to be examples capable of being followed by 
every breeder. 

6. Promotion of associations in the sphere of cattle breeding, 
the appointment of official experts in cattle breeding or by granting 
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assistance towaids tlieir appointment. As breeding associations 
are the pioneers of the progress of cattle breeding, these should be 
strongly supported by the State. 

7. Thorough training, theoretically and in practice, of breeders 
in Higher, Secondary and Lower Schools of Agriculture, the found- 
ation of cattle-breeding institutes, the conducting of special courses 
for cattle breeding, the care of cattle, the regulations regarding food, 
milking, etc. Promotion of the granting of certificates of suitability 
to special cattle attendants. 

8. Promotion of the holding of shows, examinations of cattle, 
exhibitions of fattened cattle, public sales of breeding-bulls, the 
acquiring of lower freights, Government premiums, medals. 

9. The appointment of expert cattle-breeding officials, estab- 
lishment of departments for cattle breeding at the Ministries 
for Agriculture, the conduct of cattle breeding from a central 
place. ' 

10. Other measures : the regulation of the import and export 

of cattle, protective rights, supervision of the cattle trade and 
markets, effective policy regarding prices. Government cattle 
insurance, the furnishing of credit in accordance with the needs of 
the times, support for the. great, important activities throughout 
the whole sphere of cattle breeding. . 

Subject III (b) was not of particular interest and few papers 
were forwarded. ' . * ■ 

Subject IV produced a paper by Dr. Ulrich Duerst of Berne 
which starts an original line of investigation. A summary of his 
paper is as follows : — > 

“ Answering to the question I conclude from the last researches 
of my own laboratory: 

1. The cattle to choose in any race must firstly have a consti- 
tutional type corresponding with the desired production. 

2. To produce large milk and beef quahtities the animal to 
choose must show a relative small content of dry-substance in its 
blood. 




I!',*'’-',**' 
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3. To produce a higher quality of niilk (hutter-cows) or 
animals of early-maturity in fattening, we must choose them with a 
higher degree of blood-dry-substance. 

4. To possess a resistent constitution and to be able to stand 
long journeys (exportation cattle) we must choose cattle with 
a dark colour without much albino-spots and owning a high degree 
of blood alkalinity.” 

Some photos of Dutch cattle are given (Plate VI). The writer 
was struck with the hardy appearance of the .stock seen. There was 
a conspicuous absence of the coddling usually associated with 
pedigree noilk herds. The cows had to yield milk under ordinary 
commercial farming conditions or they were quickly got rid of. 
The general stock to be seen were large, thrifty, commercial animals 
with big frames and with all the signs of constitution. This is 
probably why Dutch milk cattle have been a success all over the 
world. 



NOTES ON COTTON BOLLWOEM ATTACK AT 

SIJEAT. 


BY 

M. L. PATEL, B.Ag., 
Cotton Breeder, South Gujarat. 


In considering the jneld of the cotton crop in South Gujarat, 
and particularly at Surat, over a series of years, two features at once 
strike the observer. The first is the extraordinary variability 
of the yield, which is not at all completely explicable by variations 
in rainfall ; the second is the curious way in which, as compared 
with similar figures for other countries, the early flowering appears 



to be checked. Before presenting the observations which the author 
has made in order to proceed towards, an explanation of these 
phenomena, we may look more closely at the facts themselves. 

The variability of the cotton crop can be fairly well measured 
by the average yield of seed-cotton obtained on the, Surat farm. 
For a number of years this is as follows, the total actual rainfall 
being placed side by side with the figures of yield 


Year 

Average yield of 
seed-cotton in lb. 

Total rainfall in 
inches 

1900 


■ ... ■ 



. 87 ' , , 

34*19 

1904 





242 ; 

.. 13*40' 

1910 




•• 

415 

32-09 

1911 




.. 

91 

17*30 

1912 





643 

51*68 

1915 




. . 


26-90 

1918 



..... 


405 

17*65 

1920 


: • • ■ 

- 


631 

25-02 
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The connection of yield with total rainfall is very slight. The 
two highest yields were obtained with 25 and with over 51 inches, 
and the lowest with a rainfall of over 34 inches. The more these 
figures and others on record are critically examined, the more 
it is clear that when the rainfall exceeds 17 inches, neither its amount 
nor its distribution is the dominant influence in determining the 
yield. A similar examination of temperature records shows no direct 
influence either of the average maximum or minimum temperatures 
on the yield of cotton. There is, however, a suspicion that a low 
cold weather temperature has an injurious effect on the yield of 
cotton in the succeeding year. 

As it seemed clear that some nonrclimatic influence was affecting 
yield, the author has, during the last five years, in order to elucidate 
the question, carefully studied the appearance of flower-buds and 
flowers, and determined the proportion of these which ultimately 
forms bolls. Now in cottons belonging to Oossypiuw TieThaceuwi 
(which include practically all important Gujarat cottons), ordinarily 
the flower-buds on the first primary fruiting branch (sympodium), 
on which the flower-buds are formed earliest, appear from the sixth 
to the ninth week after germination. The period is by no means 
definite, of course, and varies according to soil and season. Thus, 
at Surat, with the commonly grown Broach desi types of cotton, 
this branch gave its first flower-buds as follows in the last five 
years : — . 


Year 

Appearance of first 
flower- buds 

1918-19 

6th. to 8th week 

1919-20 

j 6th to 8th week 

1920-21 

5th to 6th week 

1921-22 

10th to 1 1th week 

1922-23 

7th to 9th week 


m 

As the flowef-bud takes almost exactly a month to ripen into a 
flower, it follows that flowets should begin to appear a month later 
than the first flower-buds. 


[XIX, It. 
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TMs, IioweVer, rarely occurs, and the first flowers are usually 
much later. Iii the last five seasons the first flowers opened as 
follows : — 



Year 

Appearance of first 
flowers 

Time between fii’st buds 
and first flowers 

1918-19 


12th week 

4 to 6 weeks 

1919-20 


i7th week 

9 to 11 weeks 

1920-21 


15th ^¥eek 

■ . 9 to 10 weeks 

1921-22 


16th week 

5 to 6 weeks 

1922-23 

.. 

15th week 

6 to 8 weeks 


These figures clearly indicate the entrance of a factor, more 
powerful in some seasons than in others, which causes a large 
shedding of flower-buds at tbe beginning of the season, and so 
brings about delay in flowering due to shedding of flower-buds. 
This is unusual in other cotton-growing countries, where by far the 
largest part of the shedding most commonly ta^es place at the 
end of the season. This loss of flower-buds is, it seems clear, to by 


far the largest extent, caused by the spotted boilworm sp.) 



though other sucking insects, notably Jassids and Aphis, are 
probably indirectly responsible for a small portion of it. The 
fact that a very large proportion of fallen flower-buds are pierced 
with boll worm punctures makes it clear that this insect is the 
principal offender. 

This very large (in some cases almost complete) loss of the 
early flower-buds tends to make the actual flowering concentrated 
in a very short period. With two of the author’s pure strains 
this concentration is shown below for the last five years. The 
figures show the proportion of the total flowers formed which appear 
in the most intense flowering four weeks. 


Strain 


Strain 1027 A.L.F.^ 


1919- 20 (24th to 27th week) 

1920- 21 (20th to 23rd week) 

1921- 22 (24th to 27th week) 

1922- 23 (22nd to 25th week) 
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Now out of these four weeks of intense flowering, the bulk 
of the actually successful bolls was produced from flowers opening 
in two weeks only. This is shown in the following table, which 
shows the percentage of the flowers opening, which ultimately 
produced ripe bolls. 



Strain “ lA Long Boll ” 

strain “ 1027 A.L.F.” 

1920-21 

Per cent. 

Per cent. 


1st week . . 

72-0 

69-0 

2nd week . . 

67-0 

36*0 

3rd week . . 

38*5 

18-5 

8'0 

4th week . . 

16*0 

1921-22 



1st week . . 

63-0 

58-0 

2nd week . 

58-0 

45'0 

3rd week . . 

28*5 

10*0 

4th week . . 

4*0 

1*5 

1922-23 



1st week . . 

66-4 

57 '0 

2nd week . . 

o2-0 

54-2 

3rd week . . 

30*1 

15-7 

5-7 

4tb week . . 

7-7 


Thus the major portion of the ultimate cotton crop is p-odnced 
from the flowers opening in two weeks. This is more true, of course, 
of some strains than of others, and those pure strains which have 
either a tall ©pen habit of growth, or a spreading habit of the bracts 
of the flower-buds, or a large proportion of flowers to leaves, seem 
to have a longer effective season than others. It would 

appear, however, that if the effective flowering period could be 
lengthened, the yield would be greater though the early produce 
will be diseased. It was obvious almost immediately that a very 
important cause not only of the failure of the early flowers but also 
of the later flowers to some extent was the spotted bollwonn (Earias 
sp.), which is thus a great factor in shortening the effective flowering 
season. 

The facts just brought out are illustrated very well by a series 
of curves* representing the ijowering of the plants belonging to pure 


* These curves are framed on the lines suggested by J. A. Prescott in his studies of the ' 

flowering of the Egyptian cotton plant. (Ann, Bot, 36 (1922), p. 121.) 
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strains of cotton grown at Snrat. These curves for three such 
strains are shown below for three years. They show the total 



Sl/MMATtm C(/FV£S^ 


fS /« /7 iO i/ ta 9S 27 36 37 Z9 

fiUMoen ojr Mf&em Arreff GgAMWAr/oJv. 


number of flowers formed up to any particular date, and on com- 
parison with those for Egypt, for instance, it will be noticed that 
there is a very marked check in the early part of the flowering, 
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and then a sudden rise in the number of flowers formed. This 
check, which does not occur in Egypt or, for the matter of that, 
in any other area even in India to the same extent, is, as has been 
noted, due, in by far the largest measure, to the effect of the spotted 
bollworm. 

How proportionately great is the effect of the spotted bollworm 
is shown by the following set of figures in which is shown the total 
shedding of flower-buds, flowers and bolls on four plants, which, on 
a careful examination of the shed material, is due to bollworm and 
to other causes.* The figures given show the number of flower- 
buds, flowers and bolls shed : — 


Shedding due to 
bollworm 


Shedding due to all causes 
except bollworm 


Month 


November 1920 
December 1920 
January 1921 . . 


It will be seen that even though the sheddings of October were 
not counted, by far the greater part of the early loss is due to 
bollworm, but that its relative importance tends to disappear later 
in the season. 

Three points seem, therefore, clear:— 

(1) . The relatively small yield of Broach desi cottons at 

Surat is largely due to the fact that there is a very 
obvious check to the flowering of the early formed 
flower-buds. 

(2) This check causes the flowering period to be very 

short. 

(3) This check in the early season is chiefly due to the work 

of the spotted bollworm (Earias). The pink bollworm 
appears later in the season, but is not a serious danger 
at the time we are now considerma. » 


examinations were made by Mr. T. N. Jhaveri, Assistant Entomologist, to 
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If these conclusions are correct, then the checking of the spotted 
holiworni is the most important thing to be done to increase the 
outturn of cotton in Lower Gnjarat. So far efforts in this direction 
Jiave taken three lines, and we will now re\n[ew what has been done in 
these directions and its general value. These three methods are 

(a) To grow a trap crop along vhth cotton, and then remove 
this crop and destroy it. The trap crop usually 
employed has hJiindi {HibisGus esculentiis) or 

ladies-finger. 

{b) To destroy the earlier broods of the bollworm by removing 
the top shoots of the cotton plants. 

(c) To catch the paired moths when they are dormant, that 
is to say in the early morning and in the evening. 

When the first of these methods was tried, namely, the growth 
of bhindi as a trap crop, the following observations were made. 
The attack of the pest was first noticed at the beginning of September. 
From that time omvard till the first week in October, after which 
the trap croji was removed, fifty-six pounds of bhindi fruits were 
removed, from which 744 worms were killed. During the same 
time 899 worms were obtained from the top shoots of the cotton 
crop immediately surrounding. In the trap crop the heaviest 
infestation was found when the harvest was finishing in the begimiing 
of October, and at that time the attack on the cotton was less than 
in the bhindi. It will thus be seen that the trap crop was not so 
attractive as to prevent attack of the cotton while it was present, 
though it had a greater proportion of attack than the main crop. 

On the other hand, the moths themselves were not at their 
maximmn until after the trap crop had been removed. In 1920, 
a campaign to kill the paired moths (as per method (c) above) was 
made from October to the middle of December and the number so 
killed was as follow^s:— 




September ... 

. . 


9 

pairs 



October 1st to 23rd 

. . '■ 


V. r 21 

pairs 



‘ October 24th to Slst 

. . 

r 

235 

pairs 



Total October 

. * 


256 

pairs 



November 

. . 


579 

pairs 



December 1st to ICth 

- 


177 

pairs 


, V,,' 'o’ : ■ : 
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While searching for the paired moths, all punctured flower- 
buds, flowers, and immature fruits which were found on the cotton 
and on the trap crop were removed and the worms destroyed. The 
number of worms so removed and destroyed was as follows 


Number of worms removed and destroyed. 


September 
October first week 
October Sth to 31st 
November 1st to 19tb 
November 20th to December 16th 


From trap crop 

From cotton 

185 

474 

559 

425 


261 


1,234 


282 


Total 


659 

984 

261 

1,234 

282 


The figures furnish a good indication of the severity of the 
attack. 

It is clear, therefore, that the system hitherto in vogue of 
sowing a trap crop with the cotton and removing the bliindi pods 
as they mature is almost useless, as the maximum attack occurs 
after the bJiindi is removed. Even when the trap crop is present, 
there is still a large amount of attack on the cotton, and as 
a means of removing the early broods of the bollworm and so 
preventing the serious attack of the cotton, the method definitely 
fails. Whether there is a possibility of checking the attack, by 
having successive crops oi hhindi, is not yet clear and has not been 
tested. 

With regard to the second suggested method of check, it may 
be noted that, up to the third week of October, the attack of the 
bollworm was chiefly on the young growing shoots of the plant, 
either on the petioles of the leaves or on the flower-buds. After 
that date, it occurred equally on all kinds of immature fruit forms. 
Now, from the previous table, it will be seen that the maximum 
emergence of moths takes place from the last week in October and 
through November. Thus the removal of the top shoots of the 
young plants will not be effective unless all or nearly all such shoots 






i 
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The real benefit obtained by the application of all these 
methods was tested by comparing the percentage of success of 
flowers from flower-buds, and of bolls from flowers, in the general 
area of the farm in 192021 and 1921-22, with the success on an 


are removed, for the boll worm moth has the habit of depositing 
its very numerous eggs singly in a large number of places. Its 
life-cycle takes about a month, so that the eggs deposited near the 
end of September will give the moths which produce the very 
heavy broods of moths at the end of October. Inasmuch as 
it is impossible to remove all or even a large proportion of the 
growing shoots of the plants at the end of September or in early 
October when the cotton is making its growth, the method seems 
definitely to fail and has, in fact, produced little advantage in 
practice. 

The advantage of using all the above mentioned methods on 
a single area of cotton, that is to say, the growing of a trap crop 
{bhindi) among the cotton, the nipping off top shoots in the early 
season, and the destruction of moths in the morning and evening, 
was tested by noting the percentage of diseased and healthy 
flowers opening each day on a fully treated area and on an adjoining 
untreated area during two weeks at the most important part of the 
season. The results are as follows:— 



Percentage of attack 


Treated area 

Untreated area 


Per cent. 

Per cent. 

November 20 . . 

9*5 

'’17*1 ■ 

„ 21 .. .. 

10*7 

16*3 

„ 22. 

12*6 

15*0 

„ 23 .. 

8*0 

15-6 

Average . . . . 

10*2 

15*6 

December 7 . . 

3*3 

4*7 

„ 8 .. 

1*9 

6*4 

„ 9 .. 

2*7 

4*9 

„ 10 .. 

1*0 

3*0 

Average 

2'2 

4*7 
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The figures above noted do, howeArsr, show one very striking 
fact, namely, the sudden and very large reduction in the proportion 
of diseased flowers between the third week in November and the 
second week in December. This is coincident with the sudden 
appearance at the end of November or beginning of December of 
worms heavily parasitized with a small wasp, Microhracon lefroyi, 
which is also very active in the Punjab. In the latter part of 
November, in fact, worms were found in numbers in a moribund 
condition. Several of the larvas of the wasp responsible for the 
parasitism were found on each worm and the full-grown insect 
emerged after ten days, following eight days’ pupation. The natural 
supposition would be that this parasite, whose appearance coincides 
with a -sudden fall in the percentage of attack, is probably the 
cause of the sudden reduction in the amount of infection. There 
is as yet no proof tliat this is the case, but the substantial failure of 
other methods of reducing the severity of attack would lead one to 
look upon the cultivation of this parasite as the most promising 
method of deahng with the pest in Gujarat. 





SOME ASPECTS OF LARGE ESTATE FARMING 
IN THE PUNJAB.* 


BY 

W. ROBERTS, B.Sc., 

British Cotton Growing Association Farm, Khanewal. 

The Punjab Government when colonizing the Lower Bari 
Doab tract allotted certain large size grants of land on lease for 
specific purposes. The following are the main grants being 
worked at present — 


Area in 
acres 

Lessee 

■ Purpose ■ if 

21,000 

Military Farms De- 



partrnent 

To produce fodder for the Army. |l 

7,000 

Col. Cole ) 

Horse breeding conditions — roughly one breeding mare : 

7,000 

Major Venrenen , , J 

per square of 25 acres to be kept. I 

2,000 

Hon. S. Jogendra iSingii 

Steam cultivation. ^ 

2,000 r 

Ch. Jehangir Khan . . ^ 


to < 
4,000 1 

Ch. Allahadad .Khan } 

1 Cattle breeding — a, definite number of breeding cows 

kept per square. ■ ' if 

and others (ti’^e in all) j 

3,000 

Mr, OonTiile , . 

Seed production for the Agricultural Department. j'- 

7,000 

British Cotton Growing 



Association 

io encourage staple cotton growing, test varieties, 
establish a buying agency for long staple cotton, etc.^ 


A total of about 60,000 acres has thus been allotted— this 
corresponds to | per cent, only of the irrigated tract of 12 million 
acres in the Punjab and less than per cent, of the cultivated area 
of the province. All these farms with the exception of that of the 
Hon. S. Jogendra Sihgh are worked on the tenant system and 
lal^i, i.e., the tenant gets half the produce and the landlord half ; 
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the water rate 3.nd land revenue and taxes which total about Rs. 9 
per acre being paid half by the landlord and half by the tenant. 

The great bulk of the irrigated colonies has been allotted 
to small farmers who hold from one to five squares, i.e., from 
25 to 125 acres. The conditions of the leases of the large estates 
mentioned above are much stricter and more severe in every way 
than those granted to the small cultivator. 

The writer has been managing the B. C. G. A. estate at 
Khanewal for the last three years. A few of the ways in which this 
estate especially, and others incidentally, benefit the country are 
noted below. 

iSUPIiBVISING STAFF. 

Owing to the areas being large it is possible to engage qualified 
men from the Lyallpur College, where the writer worked for 
12 years, as assistants. The Association employs at present five 
graduates or diplomates of the college, besides an honours graduate 
just recruited from home, whose qualifications in botany it is hoped 
to utihze to supplement and help the work of the Agricultural 
Department. 

Cultivation op cotton. 

Special attention is given to the cultivation of cotton. About 
1,800 acres of irrigated cotton are grown annually. The average 
jdeld last year for 1,300 acres of American cotton was 12 maunds 
of 82f- lb. per acre and for desi cotton 15| standard maunds. 
No other large or even small estate in the Punjab can point to 
such results. The yields in the present season* are expected to 
be at least equally good, as judged from pickings so far recei\'ed 
and the general condition of the crop. The general method of 
cotton cultivation at the farm is as follows : — 

The land in the colonies is divided into squares of 25 acres, 
five acres each way and numbered from 1 to 25. Each line of five 
acres in a square is divided into two, thus giving ten units of 
2|- acres in each square. Three such lines per square are generally 

* jpiixal yields for 1923-24 are : American 14 maunds per acre on 1,400 acres and deni 
15'! maunds on 600 acres* 
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put down to cotton. These are always together "and are continued 
in the next square, so that a line 2j acres wide may often stretch 
for ten or even more squares. This enables the irrigation water 
to be concentrated on these blocks and oh the adjoining fodder 
block, the fallow areas not being touched. This leads to economy 
and concentration of water, and is a big factor in securing the 
best result from the water available. Had cotton been sown in 
odd acres all over a square, much water would be wasted in being 
taken along various channels, of which comparatively little use 
was made. The same thing applies, of course, to wheat and other 
crops, which are also concentrated in blocks. 

During the latter part of March and early April, experience 
shows that excess of water is available in the canals. Use is made 
of this by giving land prepared for cotton double muni, i.e., 
two waterings before sowing. This secures good tilth and a well 
supplied subsoil water reserve. After sowing, the crop gets no 
further water for from six to ten. weeks, and has thus an opportunity 
to develop deep roots, and to get well into the soil, thus insuring 
better resistance to drought, should water supply be short later on. 

If rain falls after sowing, the crust is immediately broken by 
means of the “ bar harrow ” which is very popular on the estate. 
All cotton is sown in lines either two feet apart {desi cotton) or 
three feet for American. The crop is intercultured as often as 
possible and especially after irrigation. Generally from four to six 
intercultures are given. It may be mentioned that the usual 
system of cotton sowing in the Punjab is broadcast, and no inter- 
culture is possible with that system. The native plough is actually 
run through the crop, even when it has been broadcasted, but 
observation shows much damage is thus done to young plants, 
especially of American cotton, and such fields are characterized by 
plentiful weeds, which cannot flourish except at the expense of the 
cotton crop. 

As cultivation is Hone o-n a large scale, uniformity throughout 
the farm is rapidly attained. Instructions are given out from 
week to week and day to day as to what operations are to be 
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performed and wliat crops require watering, etc. In ttis work the 
Lambardars (headmen) appointed from among the tenants, and by 
them, give invaluable assistance. There has been no slowness in 
appreciating the value of system and control, for, after all, the 
tenant gets half the produce while the supervising staff, implements, 
etc., fall entirely on the estate or landlord. 

Buying agency’. 

Again, assistance is given in selling produce, for which a pre- 
mium over the ordinary market qualities is always available. In 
order to facilitate the securing of best prices for cotton the Associa- 
tion has established its own buying agency and tenants’ cotton is 
bought at premiums over the market rate. Other large zemindars 
who sell to the Association and can produce uniform quality cotton 
also receive premiums. 


PUEE SEED. 



Great attention is paid to the supply of pure seed. Sufficient 
to sow a lakh of acres of cotton was supplied either to the Agricul- 
tural Department, or direct to the cultivators last season. Similarly 
as regards wheat as much seed as is w’anted can be supplied at 
market rates. 


Assistance TO Agricultural Department. 

In order to facilitate the work of the Agricultural Department, 
large scale tests of varieties are carried out by growing types along- 
side one another and recording yields separately. It is hoped 
thus to secure early results as to the value of new varieties (con- 
stantly being produced by the department) when tested under 
ordinary conditions away from Government farms. 

Eeport to Government. 

A report is sent each year to Government on the value of 
the Punjab-American cotton in Liverpool and Lancashire, thus 
tending to keep the grower in touch with the value of long staple 
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Power cultivation. 

Among other lines of work being started is investigation of 
power cultivation, whether from tractors or steam, as compared 
to tenant farming. As large tracts will shortly be coming under 
cultivation for the first time, both in the Piinjab and Sind, and as, 
under present conditions, settling and colonizing a new tract is 
slow work, after the completion of a canal, it is hoped very important 
economic results will be worked out. It is very probable, as far as 
existing evidence goes, that assistance during the first years of 
colonization will materially reduce the project costs estimated for 
such canals as the Sutlej Valley in the Punjab and the Sukkur 
Barrage in Sind. 

A very instructive experiment in tractor cultivation is in 
progress on Major Venrenen’s estate where 2,000 acres are being 
managed in this way, with apparently very successful results. A 
great many problems, however, still remain to be solved, especially 
as regards comparison of tractors and steam cultivation. 

A feature of most of the estates is the well planned villages, 
roads, trees and wells put up by the lessees for their tenants and 
labourers — whose prosperity and contentment must be considered 
in all successful estate management. 



CAEBON DIOXIDE IN SOIL OASES 


JATLTOEA NATH MUKEEJEE, B.A., B.Sc., 
First Assistant to the Imperial Agricultural Chemist 


It must have been observed by many tJiat fruit trees do not 
grow so well on plots which are never weeded out, as on those 
which are kept free from wmeds by surface cultivation. This fact 
is demonstrated in the botanical orchard at Pusa, -where there are 
three plots, one of which has been grassed do-wn, one kept cultivated, 
and a third which has been grassed but provided vdth trenches 
(1 J ft. wide and 2 ft. deep, filled with gravel) between rows of trees. 
Although all the three plots -were planted at the same time, fruit 
trees grown on the cultivated plot are cpaite vigorous and are far 
superior to those on the other two plots, while those grow'n on the 
trenched grassed plot are slightly better than those on the grassed 
plot without trenches. The trees on the grassed plot 'are not only 
of very poor and stunted growth, but some of them are actually 
dead. This fact was brought to the notice of the Chemical Section 
at Pusa about four years ago, and an investigation w'as at once 
commenced. 

During the first year 1919, attention was confined only to the 
periodical examination of the CO 2 coiitent of the soil gases from 
these three jilots. The method adopted for the collection of soil 
gas samples and the determinations of their COo content was quite 
simple. For each determination about 10 litres of soil gases were 
aspirated through a Eeiset’s apparatus coimected at one end, by 
means of capillary tube and a tap, to a brass tube driven inside 
the soil and at the other end to a 15-litre aspirator bottle. The 
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Reiset’s apparatus eontained a measured A^olume Df baryta water, 
the strength of which was determined before and after aspiration 
of the soil gas by titration against standard acid and the titration 
differences gave the data for calculating the amount of GO2 contained 


in the soil gas. 


The results for 1919 (Table I) show that the proportion of 
CO2 has been considerabl}^ higher in the grassed plot than in the 
cultivated plot : the trenched grassed plot results being intermediate 

Table I. 


Months 
during 
which soil 

Plot No. 1 

ORASSED DOWX 

Plot No. 2 

GEASSED BUT PARTIALLY 
AERATED BY TREXCHES 

Plot No, 3 

SURFACE CULl'IVATED 

gas was 
examined 

1919 

0/ nf) 

1920 
% CO, 

1921 

%co. 

1919 
% CDs 

1920 
% CO, 

1921 
% CO, 

1919 

% COjj 

1920 

%co, 

1921 
% CO, 

January . , 

0'444 

0-342 

0*375 

0*312 

0-250 

0*294 

0*269 

0*186 

0*247 

February 

0-472 

0*382 

0*331 

0*320 

0*342 

0*282 

0*253 

0*238 

0*248 

March ■ . . 

0*427 

0*457 

0*315 

0*223 

0*383 

0*302 

0*197 

0*236 

0*233 

April 

0*454 

0*307 

0*514 

0*262 

0*321 

0*430 

0*203 

0*222 

0*315 

May 

0*271 

0*385 

0*374 

0*257 

0*315 

0*322 

0*133 

0-235 

0*277 

June 

0*341 

■ '0*544 

0*448 

0*274 : 

0*524 

0*421 

0*249 

0-275 

0*296 

July 

r*540 

1*113 

1*421 

1-090 

0*906 

1-219 

0*304 

0-334 

0*378 

August . . 

1*590 

2-036 ; 

2*280 

0-836 

: 0*993 

1-648 

0*401 

0-307 

0*542 

September 

1*908 

■ 2*212 

1*620 

0-931 

M67 

1-206 

0*450 

0*341 

0*442 

October . . 

1*297 

1*545 

1*208 

0*602 

0-718 

0-805 

0*365 

0*291 

0 300 

biovcmber 

0 853 1 

0*647 

0*873 

0*456 

0*420 j 

0-513 

0*261 

0*254 

0-2C4 

December 

1 

0*398 : 

■ i 

0*441 

0*069 

0*327 

0*341 j 

0-373 

0*219 

0*277 

0*273 


in character. During the first six months of the year, the carbon 
dioxide in the soil gas of the grassed and trenched plots varied 
between 0-50 and 0-25 per cent, and that in the cultivated plot 
between 0-30 and 0-15 per cent. The CO2 was at its lowest in all 
the three plots during May when the weather was very hot and 
dry. Immediately after the commencement of the monsoon, the 
CO3 in all the three plots suddenly rose and continued increasing 
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j , till it reached its maximum point between August and September. 

; ; In the grassed plot, the figure rose to about 2 per cent., in the 

' I trenched plot to about 1 per cent, and in the cultivated plot to about 

i . 0'45 per cent. COg. With the ceasing of the rainfall in October, 

the COg content decreased until in December it fell to 0'4, 0‘3 and 
0'2 per cent, respectively. These rises and falls were most pro- 
nounced in the grassed plot and less marked in the trenched plot, 
whereas the variation in the cultivated plot was only slight (Chart I). 
Chart I shows the seasonal variation in the COg content of the 
soil gas from three plots. 

' In the following years 1920 and 1921, the periodical examina- 

i tions of the COg content of the soil gases from the three plots were 

continued. The results obtained during these years were quite 
analogous to those obtained in 1919, as will be evident from Table I 
giving the values obtained during three years 1919 to 1921. The 
soil atmosphere of the grassed plot is uniformly much richer in 
COg than that of the cultivated plot, and this difference is most 
marked dining monsoon months. 

, , The rise and fall of the COg content of the soil gas could not be 

^ correlated with the rise and fall of subsoil w'ater level. An attempt 

was made to determine the COg contents in the gases below a 
depth of 10 ft. from the surface, in September 1921, when the 
water level stood highest. The COg content at this depth approxi- 
mately worked out to 1’3 per cent, when the correspondiirg COg 
content below 1 ft. w^as 1'62 per cent. The very great increase in 
the COg content of the grassed plot during the monsoon month 
would seem to be associated with the presence of moisture in the 
soil at i ft. depth, and the explanation of a few abnormal figures 
obtained in March 1920 and April 1921 is to be found in this ; on 
both these occasions, there had been some rain about four or five 
days previous to the examination of soil gas and consequently there 
had been an appreciable increase in the COg content of the soil 
gas from the grassed plot. 

In order to confirm the conclusion tfiat the formation of 
increased amount of COg in the soil gas of the grassed plot is due to 
the presence of moisture, two plots of ground were selected in the 
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pot culture house compound, both of which were kept grassed over, 
but, of which, one was irrigated throughout the hot season, the 
other remaining under normal conditions. Before comruencing the 
experinients, the CO 2 content was determined and found to be 
0’474 per cent, in No. 1 and 0'492 per cent, in No.' 2. The results 
obtained subsequent to commencing the irrigation of Plot ISo. 1 
were as follows: — 

Table II. 



Plot I 

Plot 11 

Date 

IiTigated 

Unirrigated 

April 7th . . • • ■ ■ 

0’984 

0*441 

„ 12th . . 

0*864 

0*410 

„ 24th .. 

l-OCK) 

,■ 0*48o 

llay 8th . . . • 

1*002 

0.-364 

2llth .. .. •• 

0*819 

0*336 

June 2nd . . • • • • 

0*779 

0*349 



It may, therefore, be taken as clearly demonstrated that the 
effect of keeping plots grassed over is to enormously increase the 
CO 2 content of the soil gas during periods of rainfall and that the 
presence of moisture is the determining factor. 

Examination of moisture content of the soil up to a depth of 
18 inches, in all the three plots, throughout the year' (Table III) 
owed that, during April and May, the moisture content of the soil 
1 ft. to 1 ft. 6 in. in the grassed plot goes dowm 'to about 1 per cent., 
in the trenched plot to about I'S per cent, and in the cultivated 
ot only to about 5'5 per cent. It is, therefore, evident that the 
in the grassed plot becomes so depleted of moisture that a 
large proportion of grass roots die during hot weather. Consequently 
during the monsoon, conditions are favourable to a rapid decom- 
position of the organic detritus introduced into the soil from the 
roots of the grass, carbon dioxide being one of the products of this 
decomposition. 

Brown and Escombe^ found that the respon.se, which all the 

to a slight increase in the amount 
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plots down to 1 ft. 6 in, froni January to July and down to 3 ft. 
from August to December. 

■ Table III. 

Moisture and soil nitrate. 


Months 



Plot No. 

1, GRASSED 



Moisture % 

Soil nitrate — ^nitrogen parts per 
million soil 


6’’-12" 

12^-18" 

0"-6" 

6M2'-' 


January .. 

2-60 

4*92 

3*68 

0*310 

0*400 

0*236 

February . . 

1-68 

3*96 

2*94 

0*307 

0*237 

0*319 

Marcli 

1*64 

2*85 

2*63 

0*383 

0*311 

0*233 

A prii 

3-52 

1*32 

1*68 

0*235 

0-305 

0*307 

May . . 

1*09 

1*76 

1*06 

0*609 

, 0-307 

0*228 

June . . . . 

13*63 

11*15 

1*84 

1*265 

4*884 

0-615 

July 

13*70 

15*90 

31*50 

0*452 

0*466 

0*439 

August 

19*31 

21*16 

19*65 

0*688 

0*607 

0*593 

September 

M4-28 

35*21 

14*14 

0*456 

0*555 

0*455 

October . . 

15*79 

14*76 

12*55 

0*373 

* 0*367 

0*356 

November. . 

11*56 

11*58 

9*29 

0*351 

0*351 

0*340 

December 

6*88 

8*11 

7*68 

0*411 

0*418 

0*416 


Months 

Plot No. 2, grassed but treijched 

Moisture % 

Soil nitrate — ^nitrogen parts per 
million soil 


6"'-12^' 

12"'-1S''' 

0"~6" 

e‘'-i2'' 

12"-18'' 

January . . 


2*68 

3*68 

3*11 

0*388 

0*315 

0*234 

Februarv . . 


4*52 

8*05 

8*25 

0-318 

0*418 

0*251 

March . . 


2*24 

2*17 , 

1*99 

0*309 

0*309 

0*308 

x\pril .. 


5*74 

2*24 

1*68 

0*243 

0*232 

0*300 

Mav 


1*36 

1*27 

1*31 

0*306 

0*305 

0*305 

June 


14*10 

11*50 

2*66 

0*839 

5*613 

0-388 

July 


15*70 

15-00 

11*50 

0*466 

0*466 

0*439 

August 


19*46 

18*89 

16*80 

0*986 

1*269 - 

1*326 

September 


1^-18 

J5*68 

14*03 

0*462 

0*466 

0*455 

October . . 


11-25 

12*22 

10*04 

0\360 

0*354 

0*343 

November . . 


6-59 

8*61 

7*36 

0*410 

0*337 i 

0*331 

December 


7-95 

10*08 

12*08 

0*417 

0*334 

0*354 
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Moisture and soil nitrate 


Plot No. 3, cultivated 


■e — nitrogen parts, per 
niiliion soil 


Moisture % 


Months 


January 

February 

March 

April 

May 

•Tune 

July 

August 

September 

October 

November 

December 


Investigations into the moisture and soil nitrate contents oi 
the grassed and cultivated plots, thus, further explained the effect 
of grass in retarding the plant growth. Apart from its effect in 
increasing the CO2 content, which has a deleterious effect on the 
plant root, it depletes the soil so considerably of its naoisture and 
nitrate content during dry weather, that normal growth is completely 



NOTES ON COTTON WILT IN THE SOUTHEEN 
MAEATHA COHNTEY. 


G. L. KOTTUE, M.Aa., 

Cotton, Breeder, Southern, Marathu Country, Dharwar. 


The wilting of cotton plants at some stage of their growth 
occurs all over the Southern Maratha Country, and is familiar to 
practically every cultivator. It is usually attributed either to 
insects or to the well known FuSanum wilt fungus residing in the 
soil, and carried by soil infection. The loss from wilting caused 
by insects is insignificant at present, but that generally ascribed 
to the fungus is very great, though its extent has never been 
accurately determined. Observations, moreover, indicate that 
this latter is extending, and the recent tendency of cultivators to 
grow cotton after cotton, without any rotation, seems favourable 
to its extension. It is possible, therefore, that the trouble will 
become far more serious in the future than it is at present. Steps 
are already in hand for the breeding of wilt-resistant types of 
Kumpta cotton at Dharwar, and the present note is intended to 
give some of the interesting results already obtained in that 
direction. 

The literature on Indian cotton wilt is very scanty, and so 
far as the fungus which is said to be the inunediate cause of it is 
considered, the article by Ajrekar and Bal in a recent number of 
this Journal! is almost the only piece of published information on 
the subject. The American publications regarding cotton wilt 
seem to deal with an entirely different fungus from that described 
by these as well as by other workers in this eountrv. This seems 
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likely, for American cotton, which is extensively grown in Dharwar, 
does not seem to suffer from this form of wilt even when grown in 
badly infested wilt areas, and the same is true for Buri, another 
cotton of American origin, in the Central Provinces. The same 
also seems true for all American cottons except Sea Island cotton, 
whose immunity is doubtful. 

Variations in the susceptibility op Indian cottons. 

On the Dharwar farm, which is extremely badly infested with 
wilt, a large number of different types of Indian cottons are grown, 
but all of them have, under the farm conditions, proved themselves 
susceptible to the disease. The susceptibility varies, however, 
very much with the different cottons. Attention was first called 
to this difference by the apparently abnormal susceptibility of 
Broach cotton, which suffered much more than others, but, later 
on, Goghari, another cotton, proved still worse. The relative 
susceptibility of different types when gro-wn on adjoining plots 
affected with wilt, but not artificially infected, was as follows : — 


CoiUm variety 

Percentage of wilted 
plants 

1. Goghari (Gos&ypium herhacmm) 

" 46" 

2. Broach (Gossypmm herbaceum)' 


3. Jari {Gossypium neglecium) .. ,, 

23 

4. 'Bsim {Gossypium indicum) .. .. 

IS ■ 

5. Comilla [Gossypium cernuum) .. .. 

12 

6, Kumpta (the local cotton) {Gossypium herbaceum) 



These figures only give a very rough idea of the relative degree 
of susceptibility as, in the absence of special thorough infection, 
the soil is not uniformly liable to cause the disease. It became 
necessary, therefore, to infect a small pjece of land with the cotton 
wilt fungus specially raised for the purpose. The culture was mixed 
thoroughly with farmyard manure, and evenly spread over the 
plot, and on this a number of different strains of the local Kumpta 
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cotton with two other strains of supposed greater ^vilt resistance 
were grown. The percentage of attack was as follows 


Strain or variety of cotton 


Percentage of wilted 
plants 


1. Kumpta (local mixed type) 

2. Dharwar No. 3 (selection from local Kumpta) . . 

3. Bharwar No. 4 (selection from Kumpta -Goghari 

cross) 

4. Bharwar No. 5 (Bitto) 

5. Rosea (a selection from Oossygyium neglectum) 

6. Wagale (a strain of Burmese cotton or Oossypium 

obtusifolium) 


22-3 


55*1 


o5'4 

721 

34*5 

4*7 


The difference in susceptibility is very striking. The strains 
of the cross between Goghari and Kumpta seem to retain the suscep- 
tibility of the latter. A pure strain isolated at Bharwar from the 
Burmese cotton known as Wagale proved almost entirely resistant. 
The experiment is interesting from another point of view. The 
local Kumpta cotton is a mixture of many strains, and of these 
some are very much more immune to wilt than others. The relative 
position of the local mixture and one of such selections is given 
above ; that of two others is as follows 


Strain or variety of cotton 

Percentage of wilted 

plants 

L Kumpta (local mixed type) . . 

22-3' . 

2. Bharwar No. 1 (selection from local Kumpta) . , 

38-3 

3. Bharwar No. 2 (Bitto) 

5-6 


The difference between these two strains is remarkable. 
Bharwar No. 1 , though in every other way a desirable cotton, is 
evidently very susceptible to- wilt, while Bharwar No. 2 is almost 
as resistant as any type tried. 

We >ave thus two strains so immune to wilt disease that they 
may fairly form a basis for breeding with the object of getting "a 
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much, more resistant cotton than any in use at present. These are 
the strains of Wagale isolated at Dharwar, and our own selection 
from Kumpta which has been termed Dharwar No. 2.^ Wagale 
is most unsiiitable in eveiy other way as a cotton for the Southern 
Maratha Country, but may well form the basis for a cross with 
Dharwar No. 1, which is otherwise the best of our improved types. 

Effect of selection of pure strains. 

For some years experiments have now been continued with the 
object of isolating resistant plants from plots composed of pm-e 
strains of cotton. Accordingly plants were selected, vhich weie 
free from wilt, in a highly infected plot of Dharwar No. 1, and the 
seed from them grown. So far no appreciable progress has been 
made in this direction during the past 'thi-ee years and the progeny 
of the resistant plants seems equally susceptible with those from 
the ordinary seed of the strain. 

Effect op locality on wilt resistance. 

There are a number of types of cotton which have a reputation 
for \vilt resistance in their own areas, and seeds of two of these having 
been obtained have been grown side by side mth the other tjqies 
in the specially infected plot. These two were Eozi, from Nadiad 
in Upper Gujarat, a type of Gossypmm oUusifolium, and Bishnur 
Jari from Akola in the Central Provinces, a variety of Gossypium 
neglectum. They gave results as follows at Dharwar : — 


Strain or variety of cotton 

Percentage of wilted 
plant'i 

Rozi. . , . . . . . . . 

B2-0 

Bishnur Jari 

50 *1 

Both the cottons suffered very badly. 

As regards Bishnur 

Jari, there seems no doubt about its resistant nature in the Central 

^Kottur. Kumpta Cotton and its Improvement. Mem. Dept Agrt India^ Dot Ser.fXf 
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Provizices. The writer has seen this cotton at Akola where it 
withstood the attack in a remarkable manner. But it failed to 
maintain ife cJiaiacter at dinar wai’, and this difference in its 
behaviour may be due to differences in the active exciting cause 
at the two places, or merely to differences in the environment under 
which it is grown. As to which of these is the reason of the 
differing behaviour, there is at present no evidence. 


EIGE GBOWING IN THE KONKAN WITHOUT 
TRANSPLANTING. 


BY 

P. G. JOSHI, 

Superintendent^ Qaneshhhind Gardens^ Kirkee. 

The growing of transplanted rice is a very laborious operation, 
and tbe difficulty and expense of transplanting is by far the most 
serious element in the production of the crop. It has, however, been 
generally supposed that by no other method can equal yields of 
rice be obtained as by transplanting, and though no definite experi- 
ments confirming this have been made, yet the supposition has been 
so constantly repeated that it is almost universally believed. If, 
however, the operation of transplanting could be eliminated, without 
loss of yield, a very great advantage would be obtained both to the 
grower and to the consumer, as in this case the price of rice would 
undoubtedly be reduced. With this in view I have conducted 
experiments at Bassein, for five successive years, in which the 
seeds were sown directly in the field by means of a regular field 
marker illustrated below, thus allowing of adequate weeding 
between the rows, and proper puddling at the same time. 

The operations on the land by the writer’s method of cultivation 
are as follows ; — 

(1) Ploughing of the land immediately after the previous 

rice crop. 

(2) Re-ploughing of the land, and preparation for sowing in 

February or March. 

(3) Sowing seeds before the rains in May or June by means 

of a marker allowing for square, sowing. 

(4) As soon as the seed has germinated and the lines of 

plants become visible, the field is weeded in both 

directions by a special weeder. 

( 160 ) 
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(5) When the water begins to stand in the field the weeder 

is again used to puddle the land. 

(6) The number of plants in each hill is thinned as necessary 

and the plants obtained are used to fill any gaps in the 
field. 

The ordinary method with transplanting is so well known that 
there is no need to describe it. 

The actual records of the expenditure incurred in one experi- 
ment out of many are as follows : — 

Sowing tvithout tmnsphnting. 

Cost per acre 
Es. A. E 

(1) Ploughing on October 2ath , . . . * * I 1 8 0 

(2) Second ploughing on December 29th . . . . / 

(3) Marldng and sowing on May 27tli . . . . 2 13 0 

Seed used 68 lb. per acre . . . , . . 2 0 0 

(4) Rain fell on June 7th, and seed germinated by June 

12th. Weedings were given on June 24th, and on July 

10th, 11th and 12th .. .. .. 10 8 0 

(5) Gaps were filled on July 12th .. . . .. 12 0 

(6) Manure used . . . . . . . . 3 0 0 

The total cost was thus Rs. 20-15-0 per acre, excluding the 
cost of harvesting which was the same in both cases. The yield 
obtained was 

Gisbin (paddy) . . . . . . 2,820 lb. per acre. 

Straw .. .. ,, .. 6,288 „ „ 


Sowing with transplanting. 

Cost per acre 
Rs. A. P. 

(1) Ploughing in October and December . . . . 1 8 0 

(2) Preparing seed-bed (one-tenth acre) including ploughing, 

material and sowing .. . . .. 25 8 6 

(3) Seed used (40 lb.) and weeding of seed-bed .. 1 6 0 

(4) Preparing of field for transplanting .. .. 1 1 0 

(5) Lifting and transplanting (July 13th and 14th) . . 9 8 0 

(6) Weeding by hand (August 13th) . . . . . . 2 9 0 

The total cost is therefore Rs. 41-8-6 per acre, excluding, as 
before, the cost of har^^’esting. The yield obtained was : — ■ 

Grain (paddy) , .. .. 2,610 lb. per acre. 

Straw .. .. ’ .. .. 4,252 „ „ „ 

The results obtained in this experiment, which is merely repre- 
sentative of a number of experiments which have been done at 
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Bassein, at AliBag, and in cultivators’ ftelds, would indicate 
considerable promise in the direction of growing rice wi lou ' 
transplanting in the Konkan. They are being follonred up and 
more complete results will shortly be available. 

The special implements I use in the method described are 

1. Field marker and planter (Fig. 1). This is a wooden roller 
with a circumference of ten to twelve inches, in which square holes 









Fig. 1. Field marker and planter. 


are made to take pointed wooden pegs seven inches in length. 
The arrangement will be clearly seen in the illustration. The 
implement is rolled in the manner shown, leaving holes in which the 
seeds can be sown regularly, just as in the ordinary process of 
dibbling ; only much more quickly. There is no difficulty in 
joining two or three rollers together (each being six feet long) and so 
sowing a breadth of twelve or eighteen feet at one time. 

2. Weeder (Fig. 2). This is a wooden imjilement very 
simOar in appearance to a light country plough (see right hand 










iililS 


54'ut'5' 








Fig. 2, Wseder. 


soil. The two sections of the implement are strengthened with 
cross-stays where necessary. The base section is fitted with an 
adjustable and reversible blade. In this form it requires two 
men to work it as shown, one pulling and the other pushing 
in the paddle between the rows of rice. 

This weeder is also made to be used by a single man, and then 
consists of a wooden pole about four feet long, with the steel blade 
fixed at one end and a handle at the other, as shown on the left of 
the illustration. This is worked alternately backward and forward 
by the man using it. 


SICE GROWING IN THE KONKAN WITHOUT TRANSPLANTING 163 


.side of the figure). It consists of a wooden pole' about four feet 
long, having one end fitted with a cross piece projecting six inches 
on each side to serve as a handle for pulling, and the other attached 
to a handle, and a little over three feet long, fitted at the base with 
a short leg ten inches long, which forms the working part in the 





THE DEVELOPMENT OF AGRICULTUEE IN INDIA 


D. CLOUSTON, C.I.E., MA, D.So., 

Director of Agriculture f Central Pfmmces. 

Agbiculture is admittedly our largest industry in India and 
f urnislies practically all the material for the food and clothing 
of the people as a whole as well as raw materials for the larger part of 
oui* manufacturing industries; over the greater part of India it is 
in a backward state at present and therefore offers great scope 
for development on scientific lines. The value of the land, buildings, 
stock, implements, etc., which form the capital of the landholder's 
of this country, must run into thousands of crores of rupees : the 
value of that could almost certainly be doubled by the application 
of science to practice. The scope for improvement is so^ great that 
the cost to Government of maintaining an efficient Department 
of AgTiculture should be insignificant as compared "with the value of 
the results which such a department would in course of time produce. 
Rapid progress will necessarily be slow owing to the apathy and 
ignorance of the people themselves. It is the bounden duty of 
Govermnent therefore to provide the driving power; in no other- 
way can it be provided. In India an intelligent appreciation of the 
value of research and of scientific methods hardly exists outside 
Government departments ; very few of our public men who voice 
the sentiments of the people are personally interested in the develop- 
ment of agriculture, and our practical agriculfur'ists are not suffi- 
ciently -well educated to be able to express their views clearly, or to 


* Reprinted from The Indian Empire— Trade and Commerce Survey 
ment to the Times of India Him. Weeldy^ 4th July, 1923. 
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give a scientific department the backing it requires and deserves. 

India is placed at a disadvantage in this respect as compared mth 
England, for example, vdth its large number of up-to-date “ gentle- 
men ” farmers, many of whom have studied the theory and practice 
of scientific agriculture at Universities and Agricultural Colleges. 

These farmers themselves conduct experiments vdth the assistance 
of the large staff of scientific advisers employed by the Ministry 
of Agriculture, the Universities and Colleges ; they keep in touch 
with every new development in agriculture by subscribing for 
scientific periodicals, and play an important part in moulding the 
policy of Goverimient. Living as they do in a scientific atmosphere, 
they appreciate the value of science and give the scientist the 
backing he needs. 

The application op science. 

The standard of cultivation in India to-day closely resembles 
that which obtained in England two centuries ago, when the wooden 
plough, since relegated to the museums as a relic of the past, was the 
tillage implement in common use. Such land as was under cultiva- 
tion in England at that time gave very poor yields, and for want of 
efficient implements and draught power very large areas were never 
cropped. Lire agricultural unit in England at this time Was the 
village with its scattered holdings, common grazing grounds, half 
starved cattle, and poor crops resulting from bad cultivation— all 
of which are characteristic of most parts of India at the present day. 

Wars and more especially the Napoleonic wars, the rapid develop* 
i ment of manufacturing industries in urban centres, the consequent 

increase in the urban population and the decrease in the population 
of rural areas all helped to force up wages and the cost of farm 
; produce. High prices, coupled with a rise in the cost of labour, 

stimulated the use of labour-saving appliances and the production 
of larger acreage yields ; and the open field system of scattered 
holdings with its bad cultivation which resulted therefrom gave way 
slowdy before economic pressure. In England the leading “ gentle- 
men ” farmers were the first to adopt the more intensive methods of 
farming demanded by the times. Holdings were consolidated and 

■ . I' 

■ , ' 
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fenced, and tlie 'Cnltivation of turnips, clover and other new crops 
which were to revolutionize farming was taken up on a large scale. 
There was as yet no science of agriculture which could be applied 
to the solution of its manifold problems. Men like Jethro Tull, 
Bekewell, Lord Tovmsend and Young, though not themselves 
scientists in our sense of the term, possessed the scientific habit oi 
mind which they brought to bear on the agricultural problems of 
the day, and thus prepared the way for scientists who about the 
middle of the nineteenth century did so much for the development 
of English agriculture. As a result of the war of 1914-18 scientific 
enquirv in a, 11 brandies of agricultiue has been stimulated afresh in 
England. Statesmen and the public generally now realize the 
paramount importance of scientific investigation and of providing 
for the endowment of work connected vith the development of 



agriculture on a scale commensurate vith its great importance. 
They see, as they never did before, that the countries which have 
made the greatest progress and which obtain from the soil the 
highest return are those which liave developed their researcli 
institutions. 

An ECONOMIC REVOLUTION. 

The introduction of improved implements and ^ machinery, 
of better seed and cattle and of manures and crop rotations which 
followed in the wake of scientific investigation revolutionized agricul- 
ture in the West, and has in about a century and a half enabled the 
English farmer to double the outturn of his crops, to drain and 
bring under cidtWation large areas of waste land, to improve his 
methods of cultivation generally, and to make much larger profits. 
The increased productiveness of the land effected was all in the 
interests not only of the cultivator, but of the average citizen, 
helping as it did to keep down the cost of living at a time when our 
population was fa.st increasing. It was in the interests of the nation, 
too, in enabling it to hold its position in the niarkets of the world ; 
but for the development of agriculture it would have been impossible 
for England to feed the hundreds of thousands of urban worker.'^ 
employed in her factories, and she could never ha\n cleA-eloped her 
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great manufacturing industries. If India desires "to develop her 
main industry— agriculture— it can be done in the same way as it has 
been and still is being done in England and other advanced cotmtries, 
namely, by employing highly qualified investigators to show the 
way, and by disseminating the results of their work among the 
culth^ators. 

History repeats itself ; the economic conditions which obtain 
in India to-day resemble in many respects those which led to the 
development of more intensive farming in England in the eighteenth 
century. The price of farm produce has risen very much: indus- 
tries other than agriculture are drawing labourers from rural to 
manufacturing centres, and there has been a general rise in wages. 
If he is to take full advantage of the new situation thus created, the 
landholder in this country will have to follow the example of the 
English farmer by adopting more intensive methods of cultivation 
involving the use of labour-saving machinery, of manures, and of 
better methods of cultivation generally. There are many indica- 
tions that he is beginning to do so, the pity is that he is not as yet 
sufficiently well educated to take much part in moulding the polic}' 
of his Government. His supposed views are generally represented 
by men who live in towns and who are not practical agriculturists. 
This class of. politician has within the last two years somewhat 
weakened the driving power of the Executive Government and 
progress is thereby being retarded. 

riie landholder in this, country unlike the English farmer 
of a century and a half a.go, is in the fortunate position of, having 
at his back a body of agricultural scientists who have, by research 
and experiment, produced results which should be of the greatest 
value if applied. Much has already been done to improve the cattle 
and the staple crops of the country by selection and hybridiza- 
tion, and the financial results therefrom have been most striking. 
To take but one example, namely cotton, the area now being sovn 
in India every year with iniproved varieties probably exceeds 
2,000,000 acres, and the increased profits therefrom, calculated on 
the basis of an increase of Rs. 10 per acre, must be somewhere 
in the neighbourhood of two crores of rupees annually. There 
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is „„ rea«,. however, why the increased profit on the cnltivation 
of tMs crop should not be ra« to 

vear ■ for the total area under cotton is over 23,000 000 acres, i 
one province alone, namely, tlie 

of a selected cotton is reckoned to have mceased J " 
of the cotton crop by at least 70 lakhs of rupees which covers the 
fnrlual expenditure in the working of the Dekartrneot of W 
ture seven times over. Hor the rmpiovement of “ “T™ 
crops such as rice, wheat, jmr (Smglum vulgare . oil eeds and )ute. 
there’ is also great scope for improvement, and much 
been done in that direction. It rs no exagger-atron to ay ttat the 
value of crops in this country could be mereased by hundreds of 
crores, by merely substituting improved strains of seed for 

inferior low-yielding varieties at present grown. 

Cattle-breeding. 

In India where the bullock is the draught animal in common 
use and where milk products are common articles m the dietary 
of the people, cattle-breeding is of enormous importance. Pool 
draught cattle result in bad cultivation; bad 
in poor outturns of grain for the cultivator and of foddei- for his 
cattle • this again results in an impoverished cultivator and m weak 

and therefore inefficient -draught bullocks. How to break this 

.dcious circle is one of the most difficult problems facing the scientific 
investigator and Indian farmer to-day ; for the standard of cultiva- 
tion possible is largely dependent on the quality^ of the draugb 
bullocks available. The introduction of improved implements on a 
large scale would be practicable if there were bullocks sufficiently 
strong to work them. The position, however, is by no means 
hopeless. Cattle in India to-day are probably but httle, if an}, 
inferior to those which were found in England m the middle of the 
effihteenth century. By better breeding and feeding English breeds 
h^ve since that time been improved out of all resemblance to then 
nrogenitors. The improved breeds evolved have gained a woild 
wide fame, and England has become the world’s principal stud 
farm. In the middle of the eighteenth centmy we read that cows 
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in England were sucb poor milkers tliat they did not produce enough 
milk to feed their calves, and that an average cow could be purchased 
for £3 or Es. 45 in Indian money. By selection and cross-breeding, 
cows of some of our English breeds now yield 40 seers of milk daily 
and are worth at least Es. 750. Most cows of Indian breeds are 
such poor milkers that it does not pay to keep them for dairy 
purposes; the average cow wheu in full milk seldom gives more 
than 6 lb. of milk per day. By selection and crossing the quality 
of breeds both for milk and draught purposes has, on Government 
farms, been greatly improved, and what is being done to-day on 
Government farms will be done in 20 5 ^ears or less by enterprising 
cattle-owners in this cormtry. A herd of Montgomery cows on the 
farm of the Pusa Eesearch Institute has within 10 years been 
improved to such an extent- by selection that their average daily 
milk yield per cow has increased from 5-| to 9 lb. per day, including 
dry periods dui'ing which no milk was ^ven. This improvement 
should add at least 40 rupees to the value of each animal : but the 
improvement effected by cross-breeding is still more striking, the 
average yield from the Pusa Ayrshire-Montgomery crosses on the 
same basis of calculation being 15 lb. per day. The improvement 
effected on some of the breeding farms managed by Provincial 
Governments ’^liere draught breeds are kept is also worthy of note. 
The animals bred thereon are much larger and stronger than those 
reared in villages under existing conditions, and they are probably 
worth at least Es. 40 more per head. Taking into account the 
fact that there are about 14|- crores of animals in India, it is evident 
y that there is enormous scope for adding to their value by better 

! breeding and feeding. 

AgEICULTUEAL IMPLEMENTS. 

The Indian cultivator is working at a great disadvantage owing 
to the inefficiency of his agricultural apphances. His tillage imple- 
ments are so light and small that they do not kill out weeds effec- 
tively ; nor can they be used for ploughing under weeds and other 
forms of leaf manure when that is necessary. Of aU the implements 
in common use in India the country plough ox mgar, as it is commonly 
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called, is perhaps the most inefficient. It may he described as a 
piece of wood shod with an iron point which constitutes the share. 
It is fitted with a wooden pole and is usually drawn by one pair of 
bullocks. Having no breast it stirs the soil without inverting it, 
cxnd liaviBg no cutting parts it does not eradicate weeds. The aign- 
inent advanced against the introduction of iron ploughs and other 
improved implements is that they are generally heavier to pull than 
those in common use, and are not, therefore, suitable for the draught 
cattle of this country. The improved implements are, however, 
appreciably lighter in draught as a rule than those which they are 
replacing. ' The M. S. N. plough so popular in rice tracts weighs 
34 lb. and can be drawn by a pair of very small bullocks. 

Ploughs of the Rajah and Punjab types which have found 
favour in the Gangetic valley are not too heavy for one pair of 
ordinary bullocks. 

In black cotton soil tracts, improved iron ploughs have become 
verv popular ; thousands are now being sold there every year and 
some cultivators have of late years taken to the system of ploughing 
land on hire with Turnwrest ploughs after completing their work on 
their own farms. Another plough, which has done exceptionally well 
in this tract, is the Sabul which is specially suitable for ploughing 
cotton land in the dry season. An important feature of the Sabul 
plough is that it is ecpiipped with a share having a renewable and 
adjustable bar point made from a specially prepared high carbon 
steel. The plough weighs 145 lb. and does better work when drawn 
by two pairs of bullocks than the heavy *si plough which requires 
three pairs. 

Landholders are beginning to realize that it pays to eradicate 
from their fields perennial weeds such as duh {Cynodon dcictylon'j aiid 
Titindd {Andro'pogon jjimctatvm) which in badly tilled fields compete 
year after year with their staple crops for the limited amount of 
moisture and plant food available in the soil. The loss in yield due 
to the growth of weeds in cultivated fields must in the aggregate be 
colossal, more especially in tracts wffiere kharif crops are mainly 
growm. But even in raM tracts, where wheat and gram are the 
principal staples, the loss in yield every year due to the low standard 
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of cultivation and to the perennial crop of weeds resulting therefrom 
is enormous. Kam grass (Sdcfiharum spordaneum), one of the 
most obnoxious of these weeds, has got thoroughly established over 
large areas in Central India, the Central Provinces and Bundelkhand 
in the United Provinces. This weed has a stoloniferous root which 
branches freely at a depth of about 7 or 8 inches from the surface. 
It is found in the best wheat soils which retain moisture in the hot 
weather and many hundreds of thousands of acres of such land 
have gone out of cultivation in consequence. Much of this area has 
lain fallow since the famines of 1896 and 1900; but in addition 
to this fallow area, there are many hundreds of thousands of 
acres in which leans competes year after year with the wheat, gram 
and other crops grown, the yields of which are thereby greatly 
reduced. After each famine the draught power of the village 
is reduced, for many bullocks die of partial starvation and the 
strength of the remainder is reduced owing to the same cause. For 
want of sufficient bullock power the weed gets the upper hand and 
the land is allowed to lie fallow thereafter-. Such is the fate of the 
patient plodding tiller of the soil in India to-day wliere the bullock 
supphes the motive power. In a famine year unfortunately the 
quantity of food by the bullock required to produce the energy 
needed is no^ forthcoming. The Settlement Officer of Saugor 
District in the north of the Central Provinces says that the area 
under leans in that district alone amounted in 1916 to about 180,000 
acres or 15 per cent, of the cropped area. We may take it that 
landholders in ^aws-infested tracts are losing at least Es. 30 an acre 
annually by allowing any such land to lie fallow. 


Tackling THE WEEDS. 

To reclaim leans land by means of the ordinary implements used 
m the villages is almost impossible, except when the weed is tackled 
in its early stages by more or less continuous ploughing, and even 
then it is extremely difficult to accomplish. Small areas of Mm 
have been eradicated by means of both the Sabul and the Turn- 
vuest ploughs worked to a depth of 7 or 8 inches. With the inferior 
bullocks available in the wheat tract it is difficult, however, for 
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these ploughs in the dry weather when 
cannot be killed by ploughing 
a of the motor tractor may 
The cost per acre of ploughing clean 
3 . 20, including interest and deprecia- 
mis the indications ai’e that 
jO. But even at Es. 30 it will pay the 
have such land brought under cultiva- 
) should about cover the cost of reclamation, 
used, the land can be ploughed in the dry weather 
the roots of the weed are killed by being exposed to the 


the ordinary ciiltivator to use 
the soil is dry and hard ; and kam 
during the rains. ' 
perhaps solve the di 
land with tractors is 
tion : in stiff soil badly infested with k 
the cost will be about Rs. 3( 
owner very handsomely to 
tion, seeing that one crop 

When tractors are i - 

in which case 
sun and dry am. 

From experiments already carried 
over 90 per ceih. of the roots are killec 
prising landholders at times eradicate small areas of kmis by m 
labour, in which case the cost of hand digging amounts to I 
an acre. In a test carried out on the College Farm, INagpui, i 
found that when employed for eradicating kms a tractor c 
much work per day as 16 pairs of bullocks, and as much as 28, 

when employed in removing the roots by digging. 

On the^strength of information obtained fronv these and 
experiments, the Govenmient of the Central Provmqes has £ 
to give loans under the Land Improvement Loans Act to culti 
desirous of eradicating kam and other perennial weeds^ from 
fields, and the Department of Agriculture is now woikmg tr 
lent by an enterprising Bombay firm ploughing w'-eedy lai 
cultivators at a fixed acreage rate. Syndicates or private him 
it is hoped, take up this important line of work m course of 
It requires no great stretch of imagination to miderstan 
ni r>ip.r.liaTiical uowei* if used for converting 
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prove the more efficient for work in the Araws-infested areas alreadr 
referred to. Their initial cosit is, on the other hand, so high that 
there is httle chance of their being tested by Government in these 
days of financial stringency. The tractor is being tried because 
it is much less costly: it can, moreover, be used with advantage 
not only for ploughing and cultivating land, but for driving stationary 
macliines such as cotton gins, pumps, flour mills and fodder cutters. 
As at present designed, the tractors tried are not sufficiently strong 
and fool-proof for Indian conditions, and much difficulty has been 
experienced in some provinces in keeping them in good running 
order. Workshops where repairs can be executed are few and very 
far between, and all the agents in this country have not yet reahzed 
the paramount importance of keeping a large supply of spares in 
stock. Still the fact remains that under specific conditions and 
with intelligent use the tractor is a farm-power unit of great 
possibilities in tracts where the draught power at present available 
is inadequate. There are on the market at the present time 
more than 50 makes of tractors varying to some extent in type. 
They may be roughly classified as wheeled types and caterpillar 
types. 

Tractors of the caterpillar type are well suited for after-cultiva- 
tion work ; tbeir weight is distributed over a much larger area than 
that of wheeled tractors, and they do not therefore pack the soil so 
much. They can for the same reason be worked on land which is 
too wet for wheeled tractors. Another advantage claimed for 
this type is that they are very suitable for work in small fields as 
they can be turned in a small space. For ploughing hard land there 
is little to choose between the two tjqies ; but it may be claimed 
for the wheeled types that there are no tracks to be renewed every 
second year or so, and that the cost of upkeep is, therefore, less. 
For stationary work both kinds are equally suitable. Both types 
sufier in the hands of careless drivers from over-heating and many 
break-downs are due to this cause alone : for it is extremely difficult 
at present to get in this country properly trained mechanics, and 
to put a tractor in the hands of a man of the cooly class, even aftei 
he has been trained to drive it, is to court disaster. , This and other 
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difficulties ,vili,-liOwever. gradually disavpear tvitl. the advent of 

fqpilifipot for training iiieclianics. , 

The improvement of draught cattle, the intioductou ol birtter 
implemeufe'and the use of mechanical power will 
vator to perform his tillage operation under “P*™™/, iTffii' 
poor vields ate often due in no small measure to the land being 
riouvhed badlv or too late. The wheat grower, for example, who 
Lrvis his cmp in March spends weeks in treading out the grmn 
under the feet of his bullocks and in separating it from the ohaffi. 
Given a go«l threshing machine and winnower, this woik could be 
done in as many days. So much time is .spent over each operation 
at present that ploughing for the next crop has often to be put off 
till the rains. Over a greater part of the wheat ract, the monsoon 
breaks about the middle of June, and in years ol heavy and conti- 
nuous rainfall the breaks are so short that the area ploughed before 
the close of the monsoon is small. With the abimpt cessation ot the 
monsoon, the soil rapidly dries and becomes too hard tor ploug ung 
with the com, try plough. The .seed has thus to be sown m a badly 
prepared seed-bed. Houghing with improved ploughs m the hot 
IveaLr has, in some parts of India, inereased the yield very 
largely, band ploughed before the rains break absorbs nnteh mcire 
of the rainfall than unploughed land. Ploughing proyides tor the 
better aeration of the soil, too. and thereby stimulates bacterial 
!ction in the formation of nitrates. Houghing thus done imder 
optimum conditions proyides for the sneceeding r<Jn crop a store oi 
luoisttire and nitrogen. 

Demand FOE IMPROVED IMPLEMENTS. 

The introduction of improved tillage implements has opened 
up a vista of great possibihties for the agriculture of this^ country. 
The efficiency of these implements is largely due to their liaving 
been designed by the trained engineers of certain firms working in 
collaboration with agricultural experts m. India. Many of the 
improved ploughs thus introduced have met a felt want. Maciunes 
for harvesting crops, for cleaning grain and for chopping fodder 
have yet to he evolved. A reaping machine suited for cutting juar 
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would be a boon ; siicb a reaper sbould be bigh-geared and sbould 
have a short cut of from three to four feet. The fingers of the 
knife bar and the knife itself should be strong and the sheaf board 
long enough to support the stalks which are usually six or seven 
feet long and about three-quarters of an inch in diameter. For 
wheat mowers there is already a small demand which is likely to 
increase, as the cost of labour, more especially at harvest time, is 
rising. 

For fodder cutters a fair demand already exists. In juar- 
groAving tracts about one-fifth of the stalk is wasted ivhen fed whole 
to cattle, as they refuse to eat the coarse ends unless they are cut 
into small pieces. The high price of these machines prevents all 
but Avell-to-do cultivators from buying them. 

For Avinnowers, too, a demand already exists ; but the prices 
charged for imported machines are so high that cultivators cannot 
afford to purchase them. The Avinnowers made in India by village 
carpenters are less expensive, but at the same time less durable. 
The sale of these inferior country-made imitations of imported 
machines is no doubt detrimental to the trade in agricultural machi- 
nery generally; but the solution of the difficulty is in the hands of 
the big manufacturer. To create a demand, they must be prepared 
to supply India with her requirements at reasonable prices. 

The method in A'ogue in India of treading out the corn Avith 
the muzzled ox is a sIoaa' and primitiAm process. The need of 
improA^ed machinery is becoming more evident every year. Thresh- 
ers driven by oil engines are now being used on GoA^ernment 
farms and aatII no doubt find favour among cultivators in 
course of time. One objection to their use is that they do not 
break up the straAv into small pieces. This objection, hoAvever, is 
not a A^ery serious one, perhaps, seeing that this can be done later 
I by means of a separate fodder cutter. 

The demand, for improved iron cane nulls of the three-roller 
type and capable of being Avo,rked by a pair of bullocks is very great. 
Most of these bullock-driven mills gwe about 10 per cent, more 
juice than the desi mill which they are fast replacing. Their intro- 
duction must be adding lakhs of rupees every year to the profits 
I' ■ ' ' 5 
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of cane cultivation in India ; for there are now linndireds of thon- 
aands of tliem in use. It is a pity that no firm in England has 
specialized in the manufacture of bullock-driven cane nulls ; for the 
workmansliip of those turned out in India is generally poor. J he 
mills turned out by the Naban foundry in the Punjab are an excep- 
tion to the rule, and the demand for the mills made there exceeds 
the supply. A small all-iron cane mill capable of crushing half a, 
ton of cane per day when worked by a pair of bullocks would find 
a ready market in this country if offered for sale at Rs. 200 or less. 

Eencing against animals. 

Wild and domesticated animals do a great deal of damage 
to crops in India. Wire fencing is used on a small scale only, and 
the result is that stray cattle in the villages as well as antelope, 
wild pigs, jackals, etc., rob the cultivator of the fruits of his labour. 
Of the ufild animals to be considered in this case, the wild pig is 
perhaps the most destructive. Being a nocturnal feeder he lies 
hidden during the day in the jungle or grass-covered wastes which 
are often many miles from the crops, on which he feeds. The 
cultivator sometimes constructs a fence of thorns or bamboos round 
the field he wishes to protect, but as all such fences are more or 
less inefficient, it is customary for him to keep also a watcher in the 
fenced fields at night. The wild yells of this watcher on the approach 
of grunters are generally sufficient to scare them away , but, 
at times, Homer-hke he nods and the pigs break in and steal. In 
the morning the owner of the field finds that lus crop has been 
very materially damaged and his profits for the year thereby reduced. 
Patent pig-proof woven wire fencing has been introduced in some 
provinces with good results. The demand for this type of fencing 
wire is likely to increase very largely. 

The whole field of Indian agriculture still bristles wfith unsolved 
problems ; but in a short article it is possible to deal only with a few 
of the outstanding ones. The activities of Provincial Departments 
of Agriculture extend over a wide field, and improvements are 
being introduced which are both adding to the wnalth of the culti- 
vator and fitting him for farther progress. The gi-eat task of 
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reconstruction is well worth all the brains and energy which can be 
put into it ; for on the development of agriculture depends not oiily 
the prosperity of India s many millions of agriculturists, but to a. 
great extent the lot of those engaged in other industries, too. 
Increased crop production will help to banish famine and poverty 
from the land and to bring us nearer the realization of our desire, 
namely, to make India a garden ringing vdth cheerful and 
contented life, with smiling fields and food in plenty.’^ 
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METHODS ADOPTED IN AUSTRALIA FOR DISINFECTING 
COTTON-SEED * 

Foe some time past the Victorian Department of Agriculture, 
acting through, the G-overnment Plant Pathologist, Mr. C. 6. Brittle- 
bank, and Mr. D. B. Adam, B.Ag.Sc., has been engaged upon a 
series of experiments, having for their object the cleansing of 
cotton-seed from parasitic attachments tending to promote disease. 
In this country, where a resolute endeavour is now being made for 
the cultivation of cotton on a commercial scale, it is thought to be 
of the greatest importance to prevent the planting of contaminated 
seed in order to ensure healthy and profitable stock. Doubtless the 
effort is beset with much difficulty. Whereas in the laboratory 
it may be comparatively easy to strip the seed operated on from 
every trace of infection, to do so on the bulk of seed used in the 
ordinary process of cotton planting would be a troublesome and 
expensive task. From the report of Messrs. Brittlebank and Adam 
the following statement is taken. 

The cotton plant, Gossypium sp., is liable to a variety of diseases. 
Some are caused by fungi, the spores of which are carried on the 
liut remaining on the seed after ginning. Black rot, or cotton 
wilt, caused by the fungus Fusariuni vasvnfectum E. F. S. and 
anthracnose of the boll and stem caused by the fungus Glotnerella 
gossypii Edg. are examples of two serious diseases which are spread 
by this method. Neither of these diseases has been reported as 
occurring in Austraha. There, however, is a possibility of their 
being found in Queensland, where cotton has been gro^Yn for about 
50 years. As no effort to prevent the introduction of disease in the 
original seed samples was made, that State must be considered a 
possible source of infection. All seed brought from there should. 


* Eeprinted Recorder^ XL.I, No. 48(i 

( 178 ) 


MEtHObS EOR EisINFECTiNG COTTON-SEEE 179 

therefore, be subjected to the same disinfection and treatment as 
any imported from overseas. On account of the dryness of the 
adhering lint, it is difficult to effectively soak the usual sample of 
cotton-seed in any disinfectant. It is necessary to remove the lint. 
The concentrated sulphmic acid method of treatment is an efficient 
and cheap way of delinting cotton-seed. The seed is placed in a 
wooden or earthenware vessel, and then covered with commercial 
sulphuric acid for from ten to fifteen minutes, being stirred co]i- 
stantly with a wooden ladle. The seed can be removed in an 
earthenware vessel with a sieve bottom. The same sulphuric acid 
may be used for treating several lots of seeds. The treated seed is 
then washed in running water for 20 minutes and allowed to drain. 
For complete disinfection the seeds may afterwards be placed in 
corrosive sublimate (1—1,000) for 15 minutes, and at the end 
of that time allowed to dry. Experiments in the use of this 
process have been made in the laboratory of the Department of 
Agriculture in Victoria. Some have been designed to test the 
effect of the treatment on the germination of the seed and the 
condition of the young plants. Other experiments have been 
carried out to test the effect of immersion in sulphuric acid for 
varying periods of time. 


The effect on germination. 

Two samples of 100 seeds each were taken. One was treated 
for 15 minutes with sulphuric acid and then washed for 20 minutes 
and germinated. The other sample was not treated. Of the 
treated seed 88 per cent, has germinated in three days, and in four 
days 93 per cent., w’-hich was the total germination. The growth 
was clean and vigorous. Of the untreated seed 86 per cent, 
germinated in four days, and 90 per cent, in six days, wdiich also 
was the total germination. The gro\vth of these plants was not as 
vigorous as that of those from the treated seed. Many treated seeds 
were grown in pots. Of , the plants to be used for inoculation experi- 
ments none failed to germinate ; all gave clean, healthy, vigorous 
plants. Some of the plants grown from untreated seed were sickly 
and apparently affected with disease. A suspension obtained by 
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soaking untreated seed was used to inoculate agar plates. Among 

the numerous fungi found, a was isolated. T. his was used 

for inoculation experiments with results, details of which are given 
below : — 

(а) Some clean cotton-seeds were planted. Eleven days after 
they showed above ground, they were infected with spores froni an 
agar culture placed on the soil around each plant. In four days 
all the plants were affected. 

(б) Soil was sterilized in an autoclave at 110°C. for two hours. 
Cotton-seed was treated with sulphuric acid for 15 minutes, washed 
for 20 minutes, and sown in four pots with this sterilized soil. Five 
seeds were sown in each pot. 


Treatment 

Number 

germinating 

Remarks 

(a) 1. Seeds infected from culture 



2. ,, ,, „ 

2 

Spores formed on primary 



leaves. 

(^j) 3. Seeds infected with spores 

1 


4. jj 99 iy 

1 

1 



The exact species of Fusarium has not been definitely fixed. 
In acute cases it has entirely prevented the germination of the 
seed. 

The effect of vaeying the time op immeksion 

IN SULPHUEIC ACID. 

Small bottles, each containing 100 seeds. with sufficient sulphuric 
acid to cover them, were used. After the period of immersion and 
washing, the seeds were placed in damp blotting paper and 
incubated at 75“F. The first examination took place four days 
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afterwards, tlie final examination two days later witli tlie following 
results — 


Time of iinniersioii 

gerinination 

Final 

germination 

RE.MARiv.S 

^linutes 

Percentage 

Percentage 


0 

so 

90 


15 

88 

93 


20 

80 

90 


25 

84 

87 


30 

92 

94 


35 

80 

85 

The plants were more 

40 

84 

86 

vigorous and cleaner 




' than those from 

45 

92 

95 

untreated seed. 

00 .. 

S3 

SO 


75 

88 

91 


90 . . . . 

01 

93 


120 . . 

8S 

80 


240 .. 

90 

94 

1 



' f 



B’rom this table it may be seen that prolonged immersion of 
four hours did not affect the germinating capacity. KSome seedlings 
from treated seed have been grown in pots and have given perfectly 
healthy plants and bolls. To test whether seeds could be killed 
with sulphuric acid, some seeds were left in concentrated acid for 
twenty and forty hours respectively, and afterwards washed, 
(terminations of 91 and even 92 per cent, were obtained. With the 
former, a good clean, healthy growth resulted. In the second case, 
many of the yomig plants were malformed. Tlie sulphuric acid had 
decomposed the pericarp, and liad begun to attack the cotyledons, 
or subsequent primary leaves. 

It is doubtful whether any of these plants would have grown 
much further than the seedling stage. From the data given, there 
seems to be little danger from too long immersion within reasonable 
limits. It was thought to be advisable to test the effect of treating 
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seed with sulplimic acid for varying periods, then washing, drying, 
and allowing to stand for a week, and this was done. The results 
obtained are given below. Seeds germinated at 75°i\ 


Time immersed 

Germination 

Minutes 

Percentage 

15 

94 

30 

92 

.45 * 

1 94 , ■ 

(30 

90 

Check 

^ 90 


This shows that a delay of one week after inuiiersion and 
before planting has no effect on germination. When sulphuric acid 
and water are mixed great heat is raj)idly developed. Under some 
conditions this may do so with explosive activity, hence sulphuric 
acid must always be used with care. After treatment with sulphuric 
acid and subsequent draining, the seed should be placed in a large 
volume of running water. An experiment was conducted by adding 
a small quantity of water to treated seed ; the temperatme rose to 
1 80°F., but with the addition of more water it soon fell. Subsequent 
experiments showed that seed held in hot water at 180°F. for five 
minutes failed absolutely to germinate. At 160°F. for five minutes, 
of two samples, 46 and 41 per cent., respectively, germinated. 
The necessity for care in handling sulphuric acid cannot be too 
strongly impressed upon those unacquainted with its strength. If 
it comes in contact with the hands it will burn them, and any 
splashed on clothes wiU damage them. 

Summary. 

( 1 ) The spores of many serious diseases are borne in tlie lint 
attached to the seed. 

(2) The lint is most conveniently removed by sulphuric acid. 
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(3) The necessity for treatment of all imported samples is 
shown bj' the isolation of a pathogenic Fusa/riuM from an imported 
cotton-seed sample. Its pathogenicity has been demonstrated. 

(4) Immersion up to four hours has no effect on the capability' 

of the seed to germinate. 

(5) Finally the seed after iminersion in sulphuric acid sJjould 
be washed in a large volume of running water. 

The report of the Government pathologist and his collaborator 
ends at this point. 

One of the most striking exhibitions seen during the course 
of these experiments was the strong vitality of cotton-seed under 
circumstances that might have been presumed to be completely 
destructive. On the other hand, it was proved that the seed is very 
sensitive to a comparatively small increase of temperature and is 
injured by it. 

The purification of cotton-seed as a provision against the 
spread of disease is unquestionably a work of necessity and import- 
ance, and to carry it out on a scale commensurate ivith the planting 
of large areas seems to invite the attention of the mechanical 
engineer in co-operation with the chemist and pathologist. 




THE lEEIGATION OF THE SUGAECANE IN HAWAII * 

Ierigation ill tiie sugarcane fields in the Hawaiian Islands is 
not confined to those parts on the western side where the rainfall 
is insufficient for the growth of the cane to maturity, but extends 
throughout the planted area, especially in Kauai, Oahu and Maui. 
Although the local practice of irrigation has turned out to be a very 
costly proceeding when compared with that in other parts of the 
world, it is found to be a very paying proposition, and the planta- 
tions are not only concerned vnth the tapping of rivers and the 
storage of the rainfall and bringing these supplies on to their fields, 
but tills supply is supplemented by immense pumping plants by 
which the underground water supplies are brought to the surface 
and similarly utilized. And so convinced are the planters of the 
profitableness of this line of development that, besides the invest- 
ment of large sums of money in canals and pumps, the labour 
allocated to the leading of the ‘water on to the fields has become the 
dominant item in the balance sheet of those estates which use this 
means of increasing their outturn of sugar. In addition to ail this, 
they are spending large sums of money on reafforestation, in order 
to keep up the supplies of soil water and to utilize to the best 
advantage the natural rainfall of these favoured islands. 

A full study of the whole subject has been made by W. P. 
Alexander and is presented in a thesis “ in partial fulfilment of the 
requirements for the degreie of Master of Science in the University 
of Hawaii,” and this has now been published by the Hawaiian Sugar 
Planters’ Association in pamphlet form.^ This pamphlet deals with 
the whole accumulated literature of the subject (73 papers) and is 
compressed into 109 pages, Avith 63 illustrations and numerous 
tables. As the author has himself done much useful research on 
the subject and leaves no part of the field pntouched, the. paper is 



^ ReiM-inted from Int. Stig. Jour., XXV, pp. 401-40S. 

^ The Irrigation of Sugarcane in Hawaii.*’ Experiment Station of the Hawaiian Sugar 
Planters’ Association, Honolulu, 1023. 
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an extremely valuable one. It is well and clearly Written, although 
in parts the desire for compression has made it a little 
difficult to follow, and one would in some places have wished 
for a more generous treatment as regards explanatory remarks. 

The thesis commences with a brief introduction of a general 
and historical character (10 pages), and this is followed by a 
detailed review of irrigation practices, continuing with summaries 
of the various lines of research which have been followed by the 
different workers in the field from the commencement, and con- 
cluding with a detailed local bibliography of the subject. To 
give an idea of the treatment and the relative development of the 
different sections, these are given below with the number of pages 
in brackets devoted to each : After the introduction follows a brief 
statement of the standard method of distribution of water in the 
field (2), and an important discussion of the apphcation of water, 
including the most recent variations from tins method (33). Then 
the following are dealt with in briefer summaries: Duty of water 
(5), Conservation of ’water (13), Soil moisture studies (6), Economical 
distribution and optimum application (9), Time element in irrigation 
practice (7), SaHne irrigation (2), and Apphcation of fertihzer in 
irrigation water (2). Owing to the great mass of material brought 
together, it is somewhat difficult to review the paper, but the present 
article endeavours to lay out before our readers the salient featiues 
of this great problem, and this is to a certain extent rendered more 
easy by the recent publication in this Journal.^ of a description of the 
more recent advances in economizing the labour involved. 

For the production of profitable crops of sugarcane, over 
50 per cent, of the fields in the Hawaiian Islands are almost entirely 
dependent on irrigation, and the tonnage from this proportion of the 
area under cane exceeds tw’o-thirds of the total sugar output. 
This will be readily understood from the subjoined figures of the 
irrigated and unirrigated areas under cane in the four sugarcane 
growing islands. In Kauai 40,036 acres are devoted to sugarcane 
cultivation, 95-66 per cent, of which are irrigated: the figures for 
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Oahu are 40,352 'and 98-25, and for Maui 50,906 and 89-52; while, 
on the other hand, there are 93,126 acres of cane land in Hawaii, 
only 6-97 per cent, of which are dependent on artificial watering. 

Irrigation has been used in the local sugar industry from its 
start. The first project was carried out in Maui in 1878, when water 
was diverted from the rainy eastern slopes seventeen miles across 
to the arid western side : this was completed at a cost of .$80,000. 
It was immediately followed by a large project carried out by the 
Hawaiian Commercial and Sugar Company for the irrigation of the 
central Maui plains, and from this beginning an irrigation system 
has developed which has cost some $4,000,000, the latest addition 
being the great Wailoa ditch delivering 140 millions of gallons at 
an elevation of 1,100 ft. and costing $1,500,000; this aqueduct 
the author regards as the largest in the world . An enumeration 
follows of the chief projects for the storage and delivery of rainfall 
water on similar lines throughout the islands, mountains being 
tunnelled, valleys bridged and syphons erected for the negotiating 
of the irregularities of the mountainous country to be traversed. 
Besides these projects, steps have been taken to tap underground 
water supplies which would otherwise be wasted, and a number of 
immense pumping stations have been installed, the machinery alone 
of which has cost some $6,000,000. The electrification of the 
latter has recently been imdertaken as it has been proved to be by 
far the most economical method of hfting the water. Altogether, 
the 24 plantations on which irrigation is employed have invested 
something like $17,000,000, while close on 100,000 acres of forest- 
land are owned and set apart for the conservation of the water 
supplies. 

It is estimated that in Oahu 2,500 milhons of gallons of w-ater 
are pumped every month from artesian sources for the sugar- 
plantations. For the mamtenance of this supply, assuming that 
there are 300 days in the year used for pumping, it is necessary 
for 25,000 millions of gallons to enter the underground system 
every year. The proportion of water-shed is considered 1o be 
twice that of the cane area served, and thus 100 inches of rainfall a 
year must find its way from the forests into the subsoil. The 
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conservation and replanting of the remnant of the natural forests 
of the islands, wliich have been deplorably devastated for many 
yeais past, has thus become a matter of supreme importance to 
the planters, and is, in fact, receiving marked attention from the 
Hawaiian Sugar Planters’ Association, which is working hand in 
hand with the Goverimient and the individual planters themselves. ' 
The cost of irrigation per acre and per ton of sugar is set forth 
for the crop of 1914 in a tahle, in which the average's work out as 
follows : cost per acre |67-91, per ton cane §1-42, percentage of 
labour employed on irrigation to total labour in getting the crop to 
the mill 62-97. These figures are then compared with those obtained 
from Porto Eico and Cuba, although irrigation in the latter island 
is to be regarded as in a purely experimental stage. In 18 Porto 
Eican plantations the cost of irrigation per acre is given as $13-76 
and that per ton of cane $0-63, while the figures for the four Cuban 
estates are $2-18 and .$0-08 respectively. From these details it is 
obvious that in Hawaii the profitable production of sugar is sub- 
ordinated to the intelligent use of irrigation. With this idea in his 
mind, the author of the thesis aims at a, stimulation of research in 
this direction and devotes his attention chiefly to the means bv 
which the heavy costs of applying the water to the fields may be 
reduced to a minimum. 

The standard irrigation practice in Hawaii is concisely described 
by m.eans of a diagram here reproduced (Fig. ,1). The elements 
theieof, once the water has been brought to the plantation, consist 
of a series of water channels of different calibre and arrangement. 
These are, in succession, as follows : main supply ditches, running 
along the Ingher contour lines and therefore more or less level ; 
straight ditches more or less at right angles to them, (that is, running 
down the slope ; level ditches again running along the contour lines 
and 200-300 ft. apart; watercourses, small improvised channels 
down the slope leading the water to the furrows, the latter lying 
more or less across the slope of the land, 30 to 35 ft. long and about 
5 ft. apart. The adaptability of this scheme to all kinds of topo- 
graphy has made its practice almost universal. But, as will be seen, 
there are numerous small deviations according to the conditions, 
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In the standard practice every row is imgated separately from 
one side only of a watercourse (Fig. 2), and this i,s considered the 
best method by tlie managers of the largest and most successful 
plantations. The two-way system, as described by Maxwell, gives 
water to the furrows from both sides of a watercourse at the same 
time ; it is said to be economical of water, but even land is required. 
Every other tow irrigation is an emergency method for hilled-up 
cane, the alternate rows being filled up with trash ; it saves time 
and weeding and is a big help when water is scarce. Percolation 
is found to be sufficient to keep the soil moist, but the ultimate yield 
of canes is deficient. 

Cutting lines is the name given to another method, in which 
one outlet of the walercourse irrigates a nimiber of furrows in 
succession, as follows: When the water reaches the end of the 
first furrow, the ridge between it and the next below is cut across, 
so that the water entei's the latter and flows back again towards 
the watercourse, and by repeating the operation a number of furrow’'s 
can be dealt wdth by one opening from the watercourse. In one 
form or another this deviation from the standard is used by 16 out 
of 26 plantations, but only after the first tw'o or three months. 
It is useful for holding back the water of freshets with little natural 
storage capacity, or for flooding after a dry spell when heavy rains 
occur. The first furrow', of course, gets too much w^ater and the 
method is inapplicable to porous soils. When the water is short, 
single line irrigation is reverted to. 

The Ewa or Renton system (Fig. 3) is a combination of the 
two-way and cutting line systems and saves labour, as well as laud, 
because half the usual number of w-atercourses wdth their banks are 
available for cane growth. In 1914 by the old method one man 
was able to irrigate 8-29 acres in a day, but in 1916 by this system 
a single labourer was found to be able to attend to 13-35 acres. 
The system has been in use on the Ew^a plantation for 20 years, but 
it is only practised op three plantations. The chief objection is 
that lands are usually too steep and that too much soil would be 
w^ashed away, but it has much to recommend it in the saving of 
labour. 
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Fig. 2. Ha-waiian furrow sysrfcoiu. 

An enlarged fiketeli of the actual layout from level ditch to furrow, showing the arra<iige« 
inent of watercourses and furrows when each row of 35 ft. is irrigated separately. There are 
between 40 and 70 furrows to one watercourse, depending on the field and plantation practice. 
The crosses signify the position of the cane plants in the furpow's. 
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Grove fariii standard system. Here there are three changes 
in the method during the growth of the crop ; the watercourses 
are 50 ft. apart and the level ditches 300 to 400. Single furrow 
irrigation is practised for the first three to four months. Then 
three successive ridges are cut, so that each opening of the water- 
conrse irrigates four furrows ; the furrows are thus divided into 
blocks of four. When the canes are six to eight months old, that 
is in the spring, the blocks are enlarged, so that 20 to 30 furrows 
are served by one outlet from the watercourse, and one man can 
irrigate 5-6 acres in a day. The chief advantage is that the whole 
plantation can be irrigated in a few days, and this is especially 
useful where freshets with limited storage occur. 

Flooding is not considered practicable as a rule because of the 
waste of water. It is only possible when the shortage of labour is 
acute, as was the case in the 1920 Oahu strike. These are the chief 
variations given of the standard practice of irrigation in the islands. 
But, with the field thus prepared, tlie increasing paucity of labour 
in 1921 induced various planters to think out new methods whose 
main aim was to save labour, sometimes at a certain cost of efficiency. 
Labour has become a limiting factor, and a number of novel and 
ingenious methods have been evolved which are classed together 
by the author under the heading New Methods. Of these the main 
idea is to make irrigation as far as possible automatic, and in a recent 
number of this Journal three methods classed under Kilauea 
Automatic Irrigation by the author have been described, namely, 
the Modified Orchard system, the Hillside or Huli-Huli system and 
Old Eatoons laid down to the standard system but converted to 
the automatic. The Baldwin Flume system, also automatic, was 
described at the same time. These systems are one and all of great 
ingenuity and significance, and the reader is referred to our reference 
to them for the details. There remain two other systems to complete 
the number described by the author. 

No watercourse system, or simply furrows 200 ft. long between 
two adjacent level ditches. Kenton devised the system and gave it 
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over to the author to carry out. About 10 furrows can be irrigated 
at the same time, and the method is at present purely experimental ; 
if the flow is found to be too rapid, it may be readily checked 
by the insertion of low dams along the furrows at the necessary 
intervals. The method has received careful study and a table 
records soil moisture determinations at different distances along the 
furrows. 

Waipio system. This is automatic and is being conducted 
under the auspices of the Hawaiian Sugar Planters’ Association 
on their sub-station at Waipio. The level ditches are 20 furrows 
from one another and the furrows are 30 ft. long and must be level. 
To consolidate the soil and thus prevent washing, the first two or 
three irrigations are according to the standard method. Then the' 
ridges are cut to 15 ft. lengths, these cuts alternating in successive 
ridges down the slope. The bottoms of all the cuts must be at 
the same level, and 3 in. above the bottom of the furrow ; the cuts 
are protected by a mulch of trash or better of paper laid over their 
lov/est part to prevent washing. The whole system is made auto- 
matic by outlet boxes in the level ditch, and a gate is placed in 
the latter between each set of furrows served. 

This part of the paper concludes with an experiment conducted 
by the author at Ewa, in which three systems were compared during 
nine months in 1921, in a uniform, level field of H 109 plant canes 
of very vigorous growth. It was one 3 ’-ear old at the start when it 
had approximately 50 tons of cane to the acre; at the time of the 
last irrigation the weight of cane was estimated as at least 95 tons 
to the acre. The methods compared were the Ewa system already 
described, semi-flooding, which was merely an adaptation of the 
latter whereby, instead of four furrows, 20 to 24 were irrigated at 
one time, and ordinary cutting of the lines and the resulting zigzag 
flow of water through the furrows. The latter gave a very slow 
movement of water, because of the small slope and heavy growth 
of canes, but no difficulty was experienced with it. The labour 
saved by the Ewa system was very satisfactory when compared 
with that of the standard practice, and labour was also saved by the 
zigzag method. Stripping of the canes, however, could only be done 
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by tlie irrigator in tlie Ewa system and the cost of this operation, 
which had to be done by an extra man owing to the lack of time, 
has to be added to the irrigation cost in the other two. 

Duty of water. This is the water required to bring the crop to 
maturity and to obtain the optimum growth. A considerable 
number of papers have been issued on this subject, but unfortu- 
nately there is no uniformity in the standards used, and the canes 
were grown under very different conditions. The author thinks 
that, considering the importance of the subject, the information 
obtainable in Hawaii is very meagre. A sunmiary history of the 
experiments is given, the results having been converted into com- 
parable figures, and 16 of them have been tabulated. Where 
possible some of these have been averaged, but in the bulk of them 
this was not feasible. The following averages are extracted from 
the table : — 

1. Acre-ft. required to bring the crop to maturity, 19 T3. 

2. Gallons of water per acre to bring the crop to mattirity 

(not so convenient for irrigators, but universally 
adopted in the islands) j 6,205,888. 

3. Yield of sugar per acre, 6 '66 tons. 

4. Tons of water to one ton of sugar (although frequently 

used this is not a recognized standard), 3,898. 

6. Tons of sugar from a million gallons of water (safe and 
more scientific), 1-091. 

6. Gallons of water applied per acre per day (deduced 

from column 2, with 460 days’ irrigation for crop), 
13,941. 

7. Acres covered by one milHon gallons of water in 24 hours 

(said to be 100 but the average in the table is), 75-16. 

“ Verrett’s tabulation of the amount of water used at Waipio 
for the crop of 1921 is 5-9 acre-in. (presumably per irrigation), 
producing 9*85 tons of Sugar, or 2,140 tons of water per ton of 
sugar. The average interval between irrigations -was 20 days, being 
longer in winter and shorter in summer.” 
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Allen at Waipio experimented for 4| years on the duty of 
water on short ratoon crops (12 months ?) and obtained the 
following results : — 

1. Average yield per acre of tons of cane, 36-91, of tons 

of sugar, 4-46. 

2. Water used per acre, in gallons, 2,479,858, in acre-ft., 

7-613. 

3. Water used per ton of cane, 69,020 gallons or 0‘2U. 

acre-ft. 

4. Water used per ton of sugar, 582,870 gallons, or 1-789 

acre-ft. 

5. Lb. of water used for 1 lb. of sugar, 2,421. 


{To he cmlinued.) 


^ofes 


A POTENTIALLY USEFUL DIAGNOSTIC CHARACTER IN RAPE. 

A PEW plants of rape of a very distinctive yellow green colour- 
soinewlrat like that of tammira without any “ bloom ” were foimd 
in a field at Ranchi some years ago. The variety has been gromi 
at Sabour and has shown very much less contamination by crossing 
than was expected. 

Crosses with the ordinary types are very easily picked out by 
their more bluish colour and “ bloom.” 

The seed is yellow and somewhat smaller than that of the 
corresponding normal type. The type seems to be no less vigorous 
than the common types. 

This note is published because such a distinctive character- 
may be of use to those who are working on cruciferous oil-seeds, 
if only as a means of readily estimating the amount of crossing that 
takes place under different field conditions. Small samples of seed 
will be supplied to officers of the Indian Agricultural Service on 
application to the Econonric Botanist, Sabour, Bhagalpur. [A. C. 
Dobbs.] 

* * 

AMERICAN COTTON SITUATION. 

The September 1923 issue of the “ International Cotton Bulletin ” 
(the official organ of the Internatioiral Federation of Master Cotton 
Spinners’ and Manufacturers’ Association, Manchester) contains a 
series of interesting articles on the American cotton situation by 
Messrs. A. S. Pearse and Arthur Foster who have just returned 
from a tour of the American cotton belt. The 'first of these “ The 
futui-e of U. S. A. cotton production ” gives some startling figures 
of the present cost of producing cotton in various States. Foi- 
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instance, in Mississippi 30 cents, per lb. for short staple (i.e., |" — 1") 
and 35 cents, for cotton, in North Carolina 25 cents., in Central 
Texas 20 cents, are given as the minimum profitable prices to the 
farmer. In 1918, the U. S. A. Department of Agriculture estimated 
the cost of production to be, 22 cents, in Georgia, 32 in Alabama, 
251- in South Carolina and 21-| in Texas. Owing to the ravages of 
the boll-weevil and army worm, it is stated that in some parts of 
Georgia cotton would no longer pay even at 60 cents, or in Mississippi 
at 40 cents. Even allowing for exaggeration, the authors consider 
that, under boll-weevil conditions and with a shortage of labour, 
cotton production in some States has ceased to be economic, that 
only in Texas and Oklahoma there is a probability of maintaining 
and increasing production. They consider that there is eveiy 
possibility that American cotton production will fall to little 
more than half of pre-war figures and that this would barely supply 
Auxerican mills. 

Certainly a 11 -million-bale crop from the record area of 38 
million acres this year, or say 145 lb. per acre, gives no cause for 
optimism when compared with 13 million from a similar area in 
1920-21, 16 million from the same area in 1914-15 and 15 million 
in 1911-12 from 36 million acres. 

It is estimated that of 38 million acres planted only 1| million 
acres were treated with calcium arsenate. 

A second article describes the cotton-growers’ co-operative 
movement in the United States of America to which a reference 
was made in the March (1923) Number of this Journal. 

Another article describes in somewhat more detail than any 
previous publication the organization and methods of the Cotton 
Crop Reporting Board. The “ Bureau reports ” have come in for 
considerable criticism of recent years though at one time held up 
as a model to the rest of the world. The article describes the reports 
as very thoroughly prepared “as the result of an analysis of the 
opinions of the state of the crop on a given date of many thousand 
peoples.” The weak point stiH is, as always, that the cotton area 
is only actually determined decennially and that for forecast pur- 
poses both the area and the yield have to be estimated. That this 
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is possible at all is due to fortnightly returns of cotton actually 
ginned and pressed being available. [B. C. Burt.] 


MOSAIC DISEASE. 

What scientists declare to be the greatest discovery of the 
century in the field of plant diseases was announced at the annual 
meeting of the American Association for the Advancement of 
Science, which was held at Cambridge, Mass., early in the year. 

The declaration was made after reports prepared by Prof. Ray 
Nelson of the Michigan Agricultural College, Dr. L. 0. Kunkel 
of the Hawaiian Experiment Station, and H. H. McKinney of the 
University of Wisconsin had been read before the association. 
In their reports these scientists announced that, during the past 
year, they had discovered the organisms which cause the “mosaic 
disease ” in various plants and they substantiated their finding by 
displaying photographs of these organisms actually at work. 


B 


Important to sugar industry. 

While this discovery is of great import to all plant pathologists> 
it is of special interest to those who are concerned with the study 
of the diseases of the sugaf-beet and sugarcane, for the reason 
that the mosaic disease is increasing every year and it is estimated 
that it results in the loss of tens of thousands of dollars’ worth of 
sugar plants annually. 

For many years plant pathologists have been searcliing for the 
cause of the mosaic disease, on the theory that if they could find the 
organisms they could devise means of controlhng the disease. With 
the finding and photographing of these organisms accomplished, 
the mystery of the disease has been revealed. 

The organism is described as having a long spindle-shaped 
body with whip-like hairs (cilia) at each end. They are considered 
as belonging to the most primitive forms of animal life, the protozoa. 
They are less than one hundred-thousandth of an inch thick and 
from ten to twenty times as long. They attack the cell in its most 
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vital spot, the nucleus. Some of them have 
coiled about the cell nucleus. 


been found actually 


Specimens pound in potatoes. 

While it is true that scientists have believed for some time 
that the mosaic organisms belonged to the animal kingdom, no one 
was able, until recently, to prove this a fact, nor had anyone been 
successful in observing the organisms actually engaged in their 
depredations. Prof. Nelson reported that he had found the organ- 
isms by cutting thin sections of the inner part of infected potato 
stems and examining them under a high-powered microscope. 

It has also been found that there are various kinds of these 
organisms, each preying on particular sort of plant. The organisms 
discovered by Prof. Nelson are those that infest beans, sugar-beets, 
clover, tomatoes and potatoes. These creatures are similar to the 
trypanosome, the cause of the sleeping sickness Avhich kills man and 
beast in Africa. 

Dr. Kunkel and H. H. McKinney announced the discovery 
of the parasites that cause the mosaic disease in corn and wheat 
plants. It was found that these organisms belong to the class known 
as amoeba and are similar to the organisms causing malaria and 
yellow fever in man, which are transmitted from man to man by the 
mosquito. 

While it is too early to announce the measures to be taken in 
the control of these organisms, it is the belief of many prominent 
botanical pathologists that their discovery may be the beginning 
of a new era in the treatment and citre of many plant diseases. 

* “ A factor to which too little attention has heretofore been 
jjaid in surveying crop conditions and prospects in Cuba is the 
mosaic disease of sugarcane, which by reason of its widespread 
existence and increasing dispersion seems to have reached a point 
where it deserves consideration along wdth the rainfall and weather 
condition.s in general. Just how much territory in Cuba has been 
invaded by this disease, and to what extent, has never been 

* This and subsequent paragraphs are %Bkm\ ixom. Facts about Sugar, XVII, 2. 
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determined by an accurate survey, although it has been known to 
exist in several parts of the island for a number of years. The 
reasons for this lack of attention to what, in other countries, has been 
recognized as one of the most serious menaces to successful cane 
agriculture have been various, but the principal ones have been the 
abundant crops of the parst few years, the reluctance on the part 
of the managements of certain estates to admit the occurrence of the 
disease on their properties or to recognize its importance, and the 
desire of the Department of Agriculture to wmsh its hands of a 
problem too big for it to attack successfully. 

“ In Porto Rico the disease has been regarded as the worst 
scourge known in the cane fields and energetic measures, w^hich give 
every promise of being successful, have been undertaken for its 
control. In HaAvaii it has been held in check by the planting 
system employed and the practice of a rigid selection of seed cane. 
In Java its importance has long been acknoAvledged and control 
measures employed. 


Cuban conditions favour spread. 

Cuban conditions and field practice are particularly favourable 
to the spread of the disease, as replanting is infrequent on good 
soils and, especially in recent years, the principle of selection of seed 
cane has been the reA^erse of that employed in the other countries 
mentioned, the best cane being sent to the mill and that of poorer 
quality saved for planting. This practice, combined AAuth lack of 
information on the part of the field management of estates, has been 
the cause of extensive planting of seed cane afiected by the disease, 
every stalk of Avhich produces a diseased stool. As the ill effects 
are not at once visible to the eye, entire diseased fields have passed 
unnoticed, and only a comparative analysis Avould show the extent 
of the resulting losses. 

“ Recently there have been signs of a partial awakening among 
estate , managements to the serious nature of the situation produced 
by former neglect, and a growth of interest in the means of com- 
bating the disease. Although indhddual estates, by proper measures, 
can rid their own fields of the disease, its complete eradication is 
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something that can only be accomplished by co-operation among 
the mills to this end and by unflagging effort. Further attention 
to this serious factor in the industry will be given as new informa- 
tion on the subject is forthcoming.” \Guha Review, XXI, lO.j 

* 

LODGING OF SUGARCANE : MEANS OF PREVENTION. 

It is not generally appreciated that the lodging of sugarcane 
in the fields has other consequences than the extra difficulties in 
cutting, handling and milling badly fallen cane. When a stalk of 
cane falls or is blown down, its growth is checked and the quality 
and yield of juice suffer appreciably. The difference between 
fallen and standing cane at the time of cutting will show up clearly 
if the two are harvested and worked up separately, as is illustrated 
by the folloTOng figures given by Geerts in Java Archiejl^o. 22, 1923. 
The cane in question was D 152 grown in Godeo. 


i 

Bris 

Sugar % 

Purity % 

White sugar % 


1.9-U 

Standing cam 

17-81 

93*25 

17*29 

Middle . . 1 

19*01 

18*55 

93*22 

18*01 

1 

Top . . . . 

17*90 

15*40 

85*98 

! 14*39 

Base .. 

16*32 

Fallen cam, 

14*02 

85*95 

13*09 

Middle 

17*50 

15*89 

90*74 

15*23 


15*38 

: '■/■■■I- 

12*26 

^79*61 

11*00 ; 


Losses dub to lodging. 

The average purity of the standing cane was 9ri5 per cent, 
and the sugar content 17 'SI per cent., that of the fallen was 85'87 
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and 14’10 per cent., respectively.- This sufficiently indicates that 
lodging on any extensive scale has more serious consequences than 
annoyance in iiandling and milling. Moreover, the average weight 
of the fallen canes is smaller. 

The causes of lodging are many and various, but for the most 
part are referable to definite factors. When whole fields are blovm 
down by heavy winds there is, of course, no doubt as to the cause, 
but when, in the absence of such accidents, the percentage of fallen 
cane v'aries from one field to another or in different parts of the 
same field the predisposing causes are less obvious and it has 
required much observation and experiment to deduce the under- 
lying factors. 

One cause is a predisposition of the cane itself, i.e., some varie- 
ties of cane are more predisposed to lodge than other's. 1’he variety 
100 POJ, for example, is one which lodges badly, whereas EK 2 
and D 152 show much less tendency in this direction. 

Another cause is connected with climatic and nioisture condi- 
tions. If during the earlier period of its growth the cane is not 
weir .supplied with moisture, it is liable to develop a spindling stalk, 
and if at a later period the moisture conditions improve, the cane 
develops a heavy top growth and the tendency to lodge is greatly 
increased. 

A third cause is irrational fertilizing of cane fields. Lodging 
is always more frequent in heavily fertilized plots. The application 
of fertilizer, of course, increases the yield, but if the tendency to lodge 
is trebled or quadrupled, as, from experiments quoted by Geerts, 
often occurs, the resulting depreciation of the lodged cane may 
considerably discount the benefit of the added fertilizer. On 
naturally rich ground application of fertilizer may ev'en residt in a 
smaller total yield of cane as well as a poorer yield of juice. 

Measures to prevent .lodging. 

The measures to be taken against lodging are, first, the selection 
of, a variety little disposed to this trouble especially for rich, wet 
soils.. 
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The method of planting is not -without influence. Shallos\' 
planting, as practised under the plough system in Java, results in 
)nueh stooling and more fallen cane than is observed in the 
“ raynoso ” system. Suckering the cane and planting wider apart 
results in stockier growth and smaller tendency to lodge. 

The control of lodging by judicious fertilizing is more uncertain 
and requires long observation and some experinrenting on different 
soils to learn their peculiarities. Strong land should not be giveii 
as heavy applications as poor soil. 

Some -wi'iters have advocated tying together stalks in opposite 
rows. This is more or less effective, but costly and productive of 
bent cane which is not easy to transport or feed to the mill. A more 
serious objection is that the tops of the cane are crowded together, 
which has an unfavourahle effect on the rendement. Other 
measures that have been proposed are stripping some of the lower 
leaves of the young cane or the cutting off the top of the cane 
about 2| inches above the upper node. Such measures check 
the growth of the cane ancV where they diminish lodging they also 
diminish yields and profits, [Facts about Sugar, XVII, lo.'j 


AN EFFECTIVE WHEAT PICKLING MACHINE. 

We often hear of bunt in wheat crops, the seed of which is 
supposed to have been effectively pickled. Nevertheless, if the 
pickle has been used at the right strength, and if each -wheat grain 
has been thoroughly “ wetted ” by it, apart from occasional soil 
re-infection, there should be little or no bunt in the crop. 

Frequently in my opinion, lack of Success in pickling is to be 
attributed to the way with which the pickle is applied rather than 
to the nature or strength of the pickle itself. Thus, merely dipping 
a wheat-butt into a cask containing pickle, and leaving it there 
for a few minutes, does not in any way insure that each grain is 
thoroughly wetted ” by the pickle. As a matter of fact the 
surface of the giuin is more or less greasy in, character, and water 
seems to slip over it readily or -to adhere to it loosely in the form 
of numerous minute air bubbles beneath which the surface remains 
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dry. Hence, many a spore oi bunt escaj 
pickle and lives to germinate later on in the 
the grain. 

It is these facts %vhich, in my opinion, 
more effective than the various mechanici 
recommended. Unfortunately, it is a long i 


which we would willingly avoid if we could. Personally, for many 
years 1 have held the opinion that if floor pickling was ever to he 
effectively superseded it would he by some form or other of a 
rotary pickling machine. On the suggestion of Mr. H. J. Apps, 
we endeavoured to use for the purpose an old rectangular 
butterchuxn, which, although quite effective from the point of 
view of the distribution of the pickle, w^as too slow for general 
purposes. 

Quite recently, how’-ever, I have come across a new type of 
rotary pickier, the invention of a South-Eastern farmer— Mr. J. 
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McGillivray — which appears to me to have solved picHing difficulties 
very effectively. 

It consists of a long, rectangular, watertight, wooden box, 
divided into three compartments by Wo sloping brass screens, 


one of which is shown in illustration herewith. The box is mounted 
on a triangular iron frame around which it rotates freely. An 
ingenious lever-stop arrangement enables one to place the box in 
the various positions indicated in the illustrations. 
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The pieklei* is adapted to pickle one bag at a time, one half 
being placed in one compartment and the other in the opposite 
one. 

When filling the pickier the box is brought to position 2 ; 
the doorway is thrown back and from 2| to .3 gallons of 1 per cent. 


bluestone pickle should be poured into it. I indicate this quantity 
because in our experience it takes 2-|- gallons of solution to floor 
pickle effectively one bag of wheat ; a slight excess of solution will 
do no harm. Half a bag of wheat should then be emptied into 
the open compartment, and the door closed down. The box should 
then be reversed and a second half bag emptied into the opposite 
compartment. The box should then be made to rotate slowly 
aroTxnd its axis ; a slight push vdll bring this about. As the box 
rotates the grain will be thrown violently against its sides and be 
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brought effectively in contact with the pickle. Four or five minutes’ 
rotation should suffice for the purpose. 

The box is then brought to position 3, the trap door opened 
and the grain made to slide into a bag attached beneath the 
central lip. It is then reversed and the grain from the opposite 
compartment emptied out in the same way. 

The whole mechanism is exceedingly simple and should, in 
my opinion, prove very effective for pickling wheat either with 
solutions of bluestone or formalin, or even with a dry powder like 
copper carbonate. [Arthue J. Perkins in Jour. Dept. Agri. 
South Australia, XXVII, Xo. 1.] 

'Ai 

Jji ^ 

NEW OFFICIAL UNIVERSAL STANDARDS FOR AMERICAN 

COTTON. 

A RECENT Bulletin issued by the United States of America 
Department of Agriculture describes the new American official 
cotton standards, and the following abstract explains the variations 
from the previous American standards : — 

1 . Establishment and replacement of the official cotton standards 
of the United States. 

Section 9 of the United States Cotton Futures Act, approved 
August 18, 1914, and re-enacted August 11, 1916, confers upon the 
Secretary of Agriculture the authority to establish standards of 
cotton by which its quality or value may be judged or determined, 
including its grade, length of staple, strength of staple, colour, 
and other qualities, properties, and conditions, and to change or 
replace the same from time to time. Notice must now be given at 
least one year in advance of the effective date of any change or 
replacement of the standards that have been established under 
The Act. ' A ' ' ' ; : 

2 . Grades and colours of American upland cotton. 

Standards for nine white grades of American Upland cotton 
were established and promulgated by public notice of the Secretary 
of Agriculture on December 15, 1914, as follows : Middling Fair, 
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Strict Good Middling, Good Middling, Strict Middling, Middling, 
Strict Low Middling, Low Middling, Strict Good Ordinary, and 
Good Ordinary, 

By order of the Secretary of Agriculture, dated January 28, 
1916, standards for colour in the various grades of American Upland 
cotton were established as follows : Good Middling Yellow Tinged, 
Strict Middling Yellow Tinged, Middling Yellow Tinged, Strict 
Low Middling Yellow Tinged, Low Middling Yellow Tinged, Good 
Middling Yellow Stained, Good Middling Blue Stained, Strict 
Middling Blue Stained, and Middling Blue Stained. 

On August 12, 1916, by reason of the re-enactment of the 
United States Cotton Futures Act on the preceding day, the same 
standards for grades and colours of American Upland cotton were 
re-established without change. 

ISTo change has been made in these standards for American 
Upland cotton from the date of their original establishment until 
July 26, 1922, when an order was issued by the Secretary of 
Agriculture, effective August 1, 1923, making certain changes in the 
existing standards including the method of designating the grades 
and colours. These changes are designed solely to provide a 
more satisfactory classification of cotton already within the range 
of the present standards. 

In the white grades the changes are not considerable and the 
new standards represent the nine grades for which the standards 
were originally established. The most noticeable changes are in 
Middling Fair and Strict Good Middling, which in the new boxes 
are somewhat less creamy and admit a trifle more leaf. The reason 
for this change is that in the old standards for these grades too 
large a proportion of creamy cotton was allowed in relation to the 
lower boxes. Great care has been taken to graduate aU of the 
new boxes so that the steps between the grades shall be as nearly 
equal as practicable. 

The extension of the boll-weevil depredations into practically 
all sections of the Cotton Belt has caused the greater part of the 
American crop to show some slight discoloration, known as boll- 
weevil spots. The new white standards provide for such colour 
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in the wliite grades, but do not contain as much heavy spot- as 
bales 3 and. 11 of Strict Low Middling, 7 of Low Middling, 5, 6, 8 
and 9 of Strict Good Ordinary, or 3 and 7 of Good Ordinary of the 
old standards. 

(Kote. For an explanation of the sj^stem of arranging and designating the type samples 
in the boxes of the Official Cotton Standards of the United States see Service and Regulatory 
Announcements No. 6 of the Office of Markets and Rural Organization.) 



are found in the table given below. The use of the full grade 
nomenclature, however, is continued in addition to the numerical 



designations, 


Yellow 

Staioed 


Standards for grades Yellow 

of Upland eotton Spotted Yliiged 
white 


Bine 

Stained 


in heavy type denote graaes ana uuiuuta ^ 

OffloS Cotton StandLik are prepared. Symbols in represent the . designataoiis of 

s>nHnn which in colour is between practical forms of the same grades. 

Ihl^SdTs shown above the horizontal line are deUverable on future contracts made 
U, a^rdLt with Section 5 of the United States Cotton Futures Act. Those below the line 

are untenderable on such future contracts. 

[Service and Bcgulatory Announcements of the Bureau of Ag-n~ 

cultural Economics, No. 72, 1922.] 

The following abstract from the Textile Mefciiry shows the 
pnrrp^oondence of the new American standards with the Liverpool 
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American Strict Middling= Liverpool Good Middling. 

American Middling= Liverpool Fully Middling. 

American Strict Low Middling— Liverpool Fully Low Mid- 
dling to Middling. 

American Low Middling= Liverpool Low Middling to Fully 
Low Middling. 

American Strict Good Ordinary=Liverpool Fully Good 
Ordinary to Low Middling. 

American Good Ordinary— Liverpool Good Ordinary to Fully 
Good Ordinary. 

“ The delegates consider the standards satisfactory and even 
running. The standards have been made up from compressed 
cotton, but owing to the cotton not touching the box lid the 
standards have an uncompressed appearance.” 

There has been considerable controversy about the changes 
in standards, and the American standpoint is well explained in the 
article by Mr. Brand, reproduced in the January Number of this 
Journal (XIX, 1, 1924). 

As a result of the deputation sent by the Liverpool Cotton 
Association to America, an agreement now appears to have been 
reached on most of the points at issue. It is understood that 
the American Government has agreed to supply the American 
standards to. the Liverpool and Manchester Cotton Exchanges, 
and a compromise has been reached in regard to the difficult 
question of arbitrations. Under the Act passed recently the 
Washington arbitration will be final. This was strongly objected 
to by the Liverpool Cotton Association as it meant the over- 
riding of their arbitrations. On the other hand, American 
opinion considered it essential that sellers should be able to 
obtain an official classification of their cotton in America and 
no longer be dependent on arbitrations carried out abroad 
against standards with which they are not familiar. From the 
cable reports it now appears clear that the Liverpool Cotton 
Association’s arbitrations based on the new American standards 
will be recognized as authoritative. [B. C. Burt.] 
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COTTON RESEARCH. 

Through the courtesy of the British Cotton Industry Research 
Association, the Secretary of the Indian Central Cotton Committee 
has sent the following abstracts for publication . 

Boll- WEEVIL trap. 

An apparatus for protecting seeds and crops from insects and 
particularly for destroying boll-weevils on cotton consists of a 
cage-like device carrying a number of radial rods provided with 
down-turned bristles, wires or strings. This cage travels over the 
crop on an over-head wii-e. It is provided with conical passages to 
aSord ready access for insects to the interior where strips of material 
soaked in sticky poisonous substance having an odour attractive to 
insects are suspended. The insects fall into a tank in the form of 
a drawer which can be filled with water or paraffin as desired. A 
lamp may be fitted within the cage. The rods on the outside of the 
cage may be coated, with adhesive. The hanging strings engage the 
top of the crop' and disturb the insects thereon. [E. P. 199867. 
J. Smith-Eoss.] 

Cotton diseases in West Africa. 

Short descriptions, with illustrations, are given of the cotton 
diseases met with in West and South-West Africa. The diseases 
and the causative organisms include — angular leaf spot (P. malvaceci- 
rum), wilt {Neocosmos fwa vasinfecta), anthracnose {Glomerella 
gossypii), sore shin {Pythium debaryanum?), a “rust” {Uredo 
gossypii), and two less serious pests characterized by spotting and 
shedding of the leaves {RamuUria areola and MycospJicerella 
gossypina). [Text. Mercury, 1923, 69, 206-207. E. Swainson- 
Hall.] 

Fumigation of cotton-seed. 

Cotton-seed badly infested with pink boll-worm is completely 
disinfected by exposing it to chloropicrin, to the extent of 30 c.c. 
per cubic metre, for 24 hours. The germinating power of the seed 
is unaffected. [Expt. Sta. Rec., 1923, 49, 154 ; from Agron. Cohn., 
1922, 7, 249-253. P. Vayssierb.] 



NOTES 


Dimensions of starch grains. 

Using a high-power microscope equipped with a micrometer 
eye-piece, the authors have determined the sizes of the starch grains 
in seven typical flour samples. It was found that the starch grains 
could be grouped in two classes, those having diameters of 7 microns 
or less and those having diameters of 8 microns or more. The 
percentage of starch grains of different sizes in each sample of flour 
was ascertained.. The results indicate a relationship between sizes 
of grains and strength of flours. The greater the percentage of 
small grains the stronger the flour. [Lncl. Eng. Chem., 1923, 15 , 
1050-1051. J. H. Buchanan and G. G. Naudain.] 


Gossypol toxicity. 

Pepsin and trypsin digest casein and the globulin of the cotton- 
seed to very nearly the same extent and at practically the same rate 
through an extended period. The addition to the protein of 1 per 
cent, of its weight of the toxic principle, gossypol, present in cotton- 
seed kernels to the extent of 1 '5 to somewhat more than 5 per cent, 
of the estimated protein content, interferes markedly with the 
digestion in vitro of the cotton-seed globulin by pepsin and trypsin, 
and by pepsin alone, as well as the digestion of casein by pepsin and 
trypsin. The incomplete digestion (83 per cent.) by animals of the 
protein content of cotton-seed press-cake preparations is tentatively 
explained as an inhibitive effect of gossypol. [Jour. Biol. Chem., 
1923, 56, 501-511. D. B. Jones and H. C. Waterman.] 


Advantages of heavy seeds. 

Water culture experiments with peas and barley are described 
which were designed to show the effect of weight of seed on the 
resulting crop. The results indicate that there is a steady rise in the 
dry weight of the plants as the initial weight of the seed increases, 
whether the food supply is limited or abundant. The “ efficiency 
index” (rate of increase per day), however, falls gradually as the 
weight of the seed rises, so that the initial advantage accruing 
from heavy seed might be lost with prolonged periods of growth. 


214 


[XIX, .11 



AGllICTJLTTJEAL JOURNAL OF INDIA 

Witt annual • crops, har\^esting occurs before this point of equili- 
brium is reached. [Am. Appl Biol, 1923, 10, 223-240. Winifred 
E. Beenchley.] 

Causes OP mildew. 

A general article and discussion describing some of the causes 
of mildew in cotton cloth. [Jour. Man. Col of lech. Text. Soc., 
1923, 13, 20-25. P. Bean.] 


Adsorption. 



After a short general review of the main theoretical and practical 
details of adsorption or sorption the author describes the two 
chief theories which are at present under discussion, one of which is 
based on a consideration of the compressed or condensed condition 
in which a gas will exist if brought within the zone of attraction 
of a sohd, and the other on the conception of the unimolecular 
layer. Brief reference is made to some of the practical applica- 
tions of a knowledge of sorption. [Jour. Soc. Byers, 1923, 39, 
233-238. J. W. MoBain.] 


Description op cotton am. 

» 

In a process for the removal of the residual hairs retained by 
cotton-seed after ginning, or for the removal of hairs from the 
decorticated hulls of cotton-seed or other fibre-bearing material, 
the heavily-loaded seeds are segregated from the hairless or lightly 
covered seeds at any stage of the process, and subjected to a further 
defibrating operation. The segregator, wHch is separate and 
distinct from the defibrating machine, comprises a shallow dish 
formed with a central compartment with a sloping floor roughened 
or coated with abrading material. The dish is suspended from a 
support and subjected to a wobbling or shaking movement. The 
seeds are fed to the outer compartment, and those with little or no 
fibre gravitate to the bottom of the mass and fall through an opening, 
with a closing shutter, in the floor of the outer compartment above 
a shoot leading to a conveyer ; the more heavily-loaded seeds tend 
to collect at the upper level of the mass an'd pass through openings 
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in the wall and floor of the central compartment to be returned to the 
defibrating machine. [E. P. 19S561. E. C. de Segundo.] 


Viability oe cotton-seed. 

The fungus which is responsible for cotton anthracnose, and 
which infects the cotton-seed, is completely destroyed by heating 
the thoroughly dried seed in a vacuum or any inert atmosphere, 
such as nitrogen, to prevent oxidation of the fats and proteins, 
after which the seed will endure the temperature of boiling water 
for hours without affecting its vitality. Seed so treated has a 
much higher percentage germination than untreated seed. [Science, 
1923, 57 , 741-742. Gr. E. Lipscomb and G. L. Corley.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


Me. S. Milligan, M.A., B.So., Agricultural Adviser to the 
Goverument of India, and Director, Agricultural Eesearch 
Institute, Pusa, has been granted leave for six months on average 
pay from 1st March, 1924, Dr. D- Clouston, C.I.B., officiating. 


The services of Me. G. S. Hbndeeson, N.D.A., N.D.D., Imperial 
Agriculturist, Pusa, have been placed at the disposal of the Govern- 
ment of Bihar and Orissa to officiate as Director of Agriculture, 
diuing the absence on leave of Mr. A. 0. Dobbs. 



De. F. J. F. Shaw, D.Sc., Second Imperial Mycologist, Pusa, 
has been granted leave on average pay for six months from 15th 
March, 1924. 


Me. Eudoleh D. Anstead, M.A., has been confirmed as 
Director of Agriculture, Madras, from 22nd December, 1923. 


Me. a. C. Edmonds, B.A., Deputy Director of Agriculture, 
I Circle, Madras, has been granted combined leave for nine months 
from 4th March, 1924, Mr. K. T. Aiwa being placed in charge. 


Me. F. T. T. Newland, Government Agricultural Engineer, 
Madras, has been granted leave on average pay for one month 
and two days from 16th March, 1924. 


De. E. V. Noreis, D.Sc., M.Sc., F.I.C., who retires from the 
Indian Agricultural Service, has been appointed Professor of 
Bio-Chemistry in the Indian Institute of Science, Bangalore. 
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Mr. B. Ramayya, B.So., has been appointed to act as 
Director of Agriculture, II Circle, Madras. 


Mr. W. J. Jenkins, Deputy Director of Agriculture, North 
Central Division, Bombay, has been granted combined leave for 
nine months from 1st May, 1924. 


Me. M. Caebeey, M.A., B.Sc., Agricultural Chemist to the 
Government of Bengal, has been granted leave on average pay 
for six months from 11th March, 1924, Mr. G. B. Pal, M.Sc., 
officiating. 


Mr. P. J. Kerr, M.R.C.V.S., Director, Civil Veterinary Depart- 
ment and Veterinary Adviser to the Government of Bengal, has been 
granted leave on average pay for eight months from 26th February, 
1924. 


Mr. R. T. Davis, M.R.C.\'.S., \'ice-Principal, Bengal Veterinary 
College, has been appointed to act as Director, Civil Veterinary 
Department, Bengal, during the absence, on leave, of Mr. P. J. Kerr 
or until further orders. 


Maulvi BIiyid Sultan Ahmad, G.B.V.C., Lecturer, Bengal 
Veterinary College, has been appointed to act as Vice-Principal, 
Bengal Veterinary College, vice Mr. R. T. Davis. 

* * 

On completion of their probationary period, the following 
officers are confirmed in the Indian Agricultural Service with effect 
from 1st December, 1923: — 

(1) Dr. P. E. Lander, M.A., D.Sc., Agricultural Chemist 

to Government, Punjab, Lyallpur. 

(2) Mr. H. R. Stewart, A.R.C.Sc.L, D.LC., N.D.A., 

Professor of Agriculture, Punjab Agricultural College, 

Lyallpur. 
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(3) Mr. D. P. Johnston, A.E,.C.Sc.L, N.D.A., Deputy 
Director of Agriculture, Lyallpur. 

Mr. a. McKerral, M.A., B.Sc., has been confirmed as 
Director of Agriculture, Burma, from 26th November, 1923. 

* 

Me. J. Charlton, M.So., A.I.C., Agricultural Chemist, Burma, 
has been appointed Principal of the Mandalay Agricultural College, 
in addition to his own duties, from 1st December, 1923. 

❖ 

Mr. F. J. Flymen, A.C.G.I., Agricultural Chemist to Govern- 
ment, has been appointed to officiate as Director of Agriculture, 
Central Provinces, vice Dr. Clouston on other duty. 



Db. H. E. Annett, D.Sc., has been appointed to officiate as 
Agricultural Chemist to Government, Central Provinces, vice 
Mr. Flymen on other duty. 


Me. W. Youngman, B.Sc., Economic Botanist to Government, 
Central Provinces, has been appointed Economic Botanist for 
Cotton from Lst November, 1923. 


Mr. Jehangie Faedunji Dastue, M.Sc., D.I.C., Mycologist to 
Government, Central Provinces, has been appointed to hold charge 
of the post of Second Economic Botanist, in addition to his own 
duties, from lst November, 1923. 


Me. H. Horsman, Director, Swadeshi Cotton Mills Company, 
Limited, Cawnpore, has been nominated by the Upper India 
Chamber of Commerce, Cawnpore, to be a member of the Indian 
Central Cotton Committee, vice Mr. A. Horsman, resigned. 



PEESONAL NOTES 


Mr. F. G. Travers, of Messrs. Gill & Co*., Bombay, has 
been nominated by the Karachi Chamber of Commerce to be 
a member of the Indian Central Cotton Committee, vice 
Mr. H. C. Short, resigned. 


The Thirteenth Meeting of the Board of Agriculture in India 
was held at Bangalore in the Daly Memorial Hall from 21st to 
26th January, 1924. This was the first occasion on which' the 
Board met in an Indian State. His Highness the Maharaja of 
Mysore evinced his deep interest in its deliberations by graciously 
consenting to preside at its opening meeting. His Highness, who 
was accompanied by Their Excellencies the Eesident and the Dewan 
and other high officials and notables of the State, in welcoming 
the Board, delivered a most inspiring speech which was highly 
appreciated by all who had the pleasure of listening to it. The 
Board was attended by 41 members and 30 visitors. There were 
eleven subjects on the agenda, three of which relating to questions 
of cattle-breeding and animal husbandry were initially threshed out 
by a Cattle Conference held simultaneously with the Board. A 
detailed account of the meeting, together with a photograph of the 
Board, will be issued in the next number of the Journal. 






The Empire Cotton Growing Review (London : A. <fc C. Black, 
Ltd. ; Quarterly— Annual subscription 5 shillings), the official organ 
of the Empire Cotton Growing Corporation, ^he first issue 
of which has been pubhshed with New Year, is a valuable addition 
to the growing literature on cotton. The Journal is mtended not 
only to keep those interested informed of the activities of the 
Corporation, but also to publish information concerning cotton 
growing problems throughout the Empire, thus acting as a clearing 
house of intelligence collected from different Donunions and Colonies, 
and keeping Directors of Agriculture and others engaged in cotton 
crowing in touch with development and experiments elsewhere. 
Statistics of the cotton crops of the world, together mth their 
qualities and uses to which they are put, will form a regular feature 
of the Journal, and it is hoped to make it an mstrument of giving 
both spinners and growers ‘‘ a better knowledge^ of one another s 

lives, experiences, requirements and difficulties.” ^ 

The first number, although, as explained, largely historma 

and tentative,” gives good promise of the fulfilment of the aims 
and obiects with which the Journal has been started. After a short 
history of the formation and working of the British Cotton Growing 
Corporation, the place of honour has been given to an appreciation, 
by Dr. Lawrence Balls, of the late J. W. McConnel, the first Chairman 
of the Council of the Corporation, who, more than any other 
man, gave the cotton industry a new technical organization com- 
parable wdth its existing industrial equipment. The Imperial 
College of Tropical Agriculture forms the subject of the next article 
from the pen of Sir Francis Watts, while of special interest to India 
is an excellent description of the working and programme of the 
Indian Central Cotton Committee by its energetic Secretary. 
Mr. Cecil Wood, who is doing important work for the Corporation in 
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Tanganyika, follows with an interesting paper on the prospects 
of cotton growing in this former German possession. There are two 
papers of purely scientific interest by L. H. Burd, one of which 
deals mth the botanical work of the late William Robson, while the 
other records a sterile dwarf rogue in the Sea Island cotton. Cotton 
growing statistics are in the safe hands of Prof. John Todd. The 
issue winds up with “ notes on current literature,” which although 
not pretending to cover the whole ground of cotton literature, are 
by no means the least important feature of the Journal. 

We commend this periodical to the notice of all interested 
in the development of cotton. [Editoe.J 





dfornsjioiuleitce 


NATURAL CROSS-POLLINATION IN INDIAN 

LINSEED. 


To The Editor of the Agricultural Journal of India. 



giu^-__Oui attention has been drawn to a paper entitled 
“ Linseed {Linum usitatissvmum) liybrids ” in the previous nianbei 
of the Agricultural Journal of India. (XIX, 1924, pp. 28—31) by 
Dr. R. J. D. Graham and lb. S. C. Roy, in which it is stated that 
the occurrence of natural cross-follination of linseed has not grreiiously 
been noted in hidia. This statement is not correct. In October 
1910 we published a paper — The economic significance of natural 
cross-fertilization in India — in the Metnoirs of the Depaitnient of 
Agriculture in India {Botanical Series), III, 1910, pp. 281—330, in 

which the occurrence of natural cross-pollination in single plant 
cultures of linseed in India was for the first time recorded. Ibis 
is referred to in the Handhuch der landuirtschaflichen Pfianzen- 
zucUung, Yol. Ill, 1922, p. 49. In December 1919, we published 
a further paper- — Studies in the pollination of Indian crops I ^in the 
Memoirs of the Department of Agriculkire in India {Botanical Series), 
X, 1919, pp. 196-220, in which the results of our studies on the 
flowering and pollination (including the occm’rence of natural cross- 
pollination) of Indian linseed are set out in great detail together 
with the necessary illustrations. BeLveen 1916 and 1918 no less 
21 cases of natural cross-pollination between the unit species 
of Indian linseed were observed and investigated. These various 
pubheations appear to have escaped the notice of Messrs. Graham 
and Roy. 

Yours faithfully, 
Albert Howard. 
Gabeielle L. G. Howard. 


PUSA 





NEW BOOKS 



ON AGRICULTUEB AND ALLIED SUBJECTS 


1. Earm soil and its improvement, by Sir John Russell. Pp. 126 

-|-37 plates. (London : Ernest Benn, Ltd.) Price, 7s. %d. 
net. 

2. The Micro-organisms of the Soil, by Sir John Russell and 

Members of the Biological Staff of the Rothamsted Experi- 
mental Station. Pp. vii-f-lSS. (London : Longmans, Green 
& Co.) Price, Is. Gd. net. 

3. The Foundations of Indian Agriculture, by H. Martin Leake, 

M.A., Sc.D. Second Edition. (Cambridge : W. Heffer and 
Sons.) Price, 7a. Qd. net. 

4. Diseases of Crop Plants in the Lesser Antilles, by Nowell, 

D.I.C. Pp. 382-1-160 figs. (London: West India Com- 
mittee.) Price, 12s. 6d. net. 

5. Successful Spraying, and how to achieve it, by P. J. Fryer. 

Pp. 154. (London: Ernest Benn, Ltd.) Price, 7s. 6d. net. 

6. Agricultural Implements, by G. H. Purvis. Pp. iv-j-110. 

(London : Ernest Benn, Ltd.) Price, 2s. 6«!., net. 

7. Vegetable Crops, by Homer C. Thompson, B.Sc. Pp. ix-j-478. 

(London : McGraw-Hill Pixblishing Co.) Price, 22s. 6d. net. 

8. The Principles of Insect Control, by Robert A. Wardle and 

Philip Buckle. Pp. xvi-|-295. (London : Longmans, Green 
& Co.) Price, 20s. net. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoir. 

1. Studies in Indian Oil Seeds, No. 2. Linseed, by Gabrielle 
L. C. Howard, M. A. ; and Abdur Rahman Elhan. 
(Botanical Series, VoJ. XII, No. 4.) Price, R. 1-4 or 2s. 
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Bulletins. 

2. Bee-keepiug, by C. C. Ghosh, B.A. (Pusa Bulletin 46 ; Second 
Edition.) Price, Rs. 2. 

8. The Prevention of Nuisances Caused by the Parboiling of 
Paddy, by J. Charlton, M.Sc., A.I.C. (Pusa Bulletin 146.) 
Price, As. 5. 

4. List of Publications on Indian Entomology, 1922 (compiled by 

the Imperial Entomologist). (Pusa Bulletin 147.) Price, 
As. 7. 

5. The Relative Responsibility of Physical Heat and Mcro- 

organisms for the Hot Weather Rotting of Potatoes in 
Western India, by S. L. Ajrekar, B.A., and J. D. Ranadive, 
B.Ag. (Pusa Bulletin 148.) Price, As. 5. 

6. A Study of the Factors Operative in the Value of Green Manure, 

by P. E. Lander, M.A., D.Sc., A.I.C., I.A.S. ; B. H. Wilsdon, 
M.A., I.E.S. ; and M. Mukund Lai, L.Ag. (Pusa Bulletin 
149.) Price, As. 5. 

Reports. 

7. Review of Agricultui-al Operations in India, 1922-28. Price, 

R. 1-10. 

8. Proceedings of the Second Meeting of Veterinary Officers in 

India held at Calcutta from 26th February to 2ud March, 
1928 (with appendices). Price, R. 1-12. 



SOME COMMON INDIAN BIRDS, 


No. 27. THE TAILOR-BIRD {OUTHOTOMUS SUTORIUS) 


226 AGRICULTURAL JOURNAL OF INDIA [XIX, 111, 

slioiits of tlie Tailor-birds, as they travel about ceaselessly among 
the shrubs. Even at those times of day when the breathless heat 
and cruel glare have reduced almost all other birds to relative 
silence 5 when even the crows ,sit about in pairs in the shade, 
gasping ivith widely gaping bills and incapable of anything bej ond 
whispered conversation, and when the still and fiery air is only 
rarely disturbed by the querulous whistle of a kite, even then the 
Tailor-birds are all alive with noisy excitement. Whilst listening 
to them, or to the cries of other loud-voiced small birds, one realizes 
the beauty of the dispensation that has decreed that in the animal 
kingdom there should be no necessarily direct ratio between size 
and vocal power ; an elephant with a voice on the scale of that of a 
tailor-bird would have been a nuisance to a whole district ! Even 
the longest use and wont leave it a ceaseless marvel how such 
pygmies can manage to niake such a hubbub, whilst they run and 
creep about among the bushes, more like little brown mice than 
any feathered creatures. They have two common calls, the first 
consisting of an urgent repetition of the syllable ‘ peet,’ and the 
second, even more insistent and sounding, ‘ pe peep, pe peep, 
pe peep, pe peep.’ Long after most other birds are silent ; after 
even the crows and mynahs have finally settled down for the night, 
and only an occasional belated kite is audible, their call may still 
be heard issuing from the flower-beds and shrubberies, ■ where the 
birds continue to run mouse-like about in the gathering gloom, 
jumping after the insects lurking among the leaves. When highly 
excited over anything they shout their loudest, and, with their 
tails so excessively elevated that they come to point obliquely 
forwards over their backs, look more like demented nnens than 
anything else. Whilst engaged in hunting over a shrub they run 
quickly along the twigs, shouting noisily all the while, and every 
now and then snatching at insects, and, even when flying, they 
continue to call aloud with a reckless expenditure of breath.” The 
above has been quoted at length, as it seems to be a charming 
character-sketch of the little bird in question, which, although 
inconspicuous and apt to be overlooked, will now perhaps be 
recognizable to our readers. The typical race, as shown on our 
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plate, of tlie Indian Tailor-bird (0. sutorius sutorius) occurs tlirougli- 
out tlie Plains and lower Hills of India, Ceylon, and North and 
Central Burma, being replaced in Southern Burma, Siam and the 
Malay Peninsula by the Malay Tailor-bird (0. sutorius maculicollis), 
which difiers by having white streaks on the ear-coverts. 

As noted above. Tailor-birds are mainly insectivorous in their 
diet. The late Mr. C. W. Mason examined the stomach-contents 
of four birds at Pusa and found them to consist entirely of insect 
remains, mainly of small beetles, bugs, ants and flies ; 
Mr. D’Abreu found much the same in the case of three birds 
examined at Nagpur. They seem, therefore, to be useful little 
birds to have in a garden. 

The breeding-season of the Indian Tailor-bird is mainly in 
June and July, but nests may be found from April until August, 
The structure and design of birds’ nests in general may vary from 
just nothing at all, the eggs being laid on the bare ground, to 
elaborate mounds such as are constructed by the Bower Birds, 
but for ingenuity, as applied to its construction and concealment, 
the Tailor-bird’s nest is hard to beat. Pennant seems to have been 
the first to give any description of it and we reproduce the rather 
quaint figure given in his Indian Zoology (second edition ; 1790) 
where he says that in India “ the brute creation are more at enmity 
with one another than in other climates ; and the birds are obliged 
to exert unusual artifice in placing their little broods out of the 
reach of an invader. Each aims at the same end, though by 
different means. Some form their pensile nest in shape of a purse, 
deep, and open at top ; others with a hole in the side ; and others, 
still more cautious, with an entrance at the very bottom, forming 
their lodge near the summit. But the little species we describe, 
seems to have greater diffidence than any of the others : it will not 
trust its nest even to the extremity of a slender twig, but makes 
one more advance to safety by fixing it to the leaf itself. It picks 
up a dead leaf, and, surprising to relate, sews it to the side of a 
living one, its slender bill being its needle, and its thread some 
fine fibres ; the lining, feathers, gossamer, and down. Its eggs are 


1 



JOTTEFAL OF INDIA 


THE ' TAILOE-BIBD 




its weight only three-sixteenths of an ounce, so that the materials 
of its nest, and its own size, are not likely to draw down a habitation 
that depends on so slight a tenure.” So far as it goes. Pennant’s 
account is fairly accurate except in the statement that the bird 
picks up a dead leaf and sews it on to the side of a living one. The 
dry leaves which are often found attached to the outerside of the 
nest are accounted for by the fact that these leaves, which have 
originally been pierced by the bird .whilst they are still living and 
attached to the tree or plant, often die and decay in situ, either as a 
direct result of the injury caused to them or by interference with the 
free access of air to the tissues. 

The nest may be placed at any elevation, such as high up 
in a mango-tree or low down in a brinjal-plant but more usually 
they are built comparatively low down, often within a couple of 
feet of the ground. The kind of leaf selected seems to be rather 
immaterial, provided that it is fairly large and sufficiently strong 
to hold the strain of the stitches, and in gardens the leaves of mango, 
guava and brinjal are often used. As a rule only one or two leaves 
are used but occasionally, when the nest is placed on a plant with 
small leaves, such as oleander, a dozen leaves may be fastened 
together. Generally, the nests hang down more or less vertically, 
as shown in Pennant’s figure, but sometimes they lie almost horizon- 
tally with the opening between the lower edges of the leaves, so that 
the nest is well protected in rainy weather. 

The actual construction of the nest has been observed by 
Mr. A. G. Pinto, as reported by Dewar in his Birds of the Plains. 
In this case the nest was placed in the leaf of a Draccena plant 
growing on a verandah and we cannot do better than quote our 
authority for what took place : — “ One of the leaves of the plant 
was so curved that its terminal half was parallel with the ground. 
Upon this she commenced operations. The first thing she did 
was to make with her sharp little beak a number of punctures along 
each edge of the leaf. In this particular case the punctures took 
the form of longitudinal slits, owing to the fact that the veins of the 
Draccena leaf run longitudinally . . Having thus prepared 

the leaf, she disappeared for a httle and returned with a strand of 
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cobweb. One fend of this she wound round the narrow part of the 
leaf that separated one of the punctures from the edge ; having 
done this, she carried the loose end of the strand across the under 
surface of the leaf to a puncture on the opposite side, where she 
attached it to the leaf and thus drew the edges a little way together. 
She then proceeded to connect most of the other punctures with 
those opposite to them, so that the leaf took the form of a tunnel 
converging to a point. The under surface of the leaf formed the 
roof and sides of the tunnel or arch. There was no floor to this, 
since the edges of the leaf did not meet below, the gap between 
them being bridged by strands of cobweb. This was a full day’s 
work She next went on to line with cotton this cul-de-sac 


which she had made in the leaf. She, of course, commenced by 
filhng the tip, and the weight of the lining soon caused the hitherto 
horizontal leaf to hang downwards, so that it eventually became 
almost vertical, with the tip pointing towards the ground. When 



lining the nest the bird made a number of punctures in the leaf, 
through which she poked the lining with her beak, the object of 

this being to keep the lining in situ All this time the edges of 

the leaf that formed the nest had been held together by the thinnest 
strands of cobweb, and it is a mystery how these can have stood 
the strain. However, before the lining was completed, the bird 
proceeded to strengthen them by connecting the punctures on 
opposite edges of the leaf with threads of cotton. Her modus 
operanM was to push one end of a thread through a puncture on one 
edge and the other end through a puncture on the opposite edge 
of the leaf. The cotton used is soft and frays easily, so that that 
part of it which is forced through a tiny aperture issues as a fluffy 
knob, Avhich looks like a knot and is usually taken for such. As a 
matter of fact, the bird makes no knots ; she merely forces a portion 
of the cotton strand through a puncture, and the silicon which 
enters into the composition of the leaf catches the soft, minute 
strands of cotton and prevents them from slipping . . . ... Some- 
times the connecting threads of cotton are sufficiently long to admit 
of their being passed to and fro, in AAhich case the bird utilizes the 
full length.” 




THE TAILOR-BIRD 


It is only the hen-bird which constructs the nest. Although 
the two sexes are coloured much alike, in the breeding-season 
the male bird acquires very elongated middle tail-feathers, projec- 
ting about two inches beyond the normal length of the tail, so that 
the sexes are readily distinguishable. We cannot say whether 
his extra length of tail is an impediment to nest-building or whether 
it makes him too proud to work or whether he is merely lazy ; 
but to the hen-bird must be given all the credit of the wonderful 
method of nest building. Aitken, however, in his Common Birds 
of Bombay, implies that it is the cock-bird which builds. 

The leaves containing and concealing the nest are fastened 
together with any suitable material that is available such as cobweb, 
caterpillar silk, thread, wool, or vegetable fibres. When a nest 
is being built near a house the bird will often make use of threads 
of cotton or loose strands from a coir mat. Jerdon says, “ I have 
seen a Tailor-bird at Saugor watch till the native tailor had left the 
verandah where he had been working, fly in, seize some pieces of 
thread that were lying about, and go off in triumph with them ; 
this was rejreated in my presence several days running.” 

The nest itself is a neat cup, about three inches deep and 
two inches in diameter, constructed of wool, cotton, with a few 
hairs and fine vegetable fibres, the cavity being always very softly 
lined. Three or four (more frequently three) eggs are laid, measuring 
about 16 by 12 min., the ground-colour being either reddish-white 
or pale-bluish-green, the former being the more common, but all the 
eggs in any one nest always belong to one or the other type ; the 
markings on the eggs consist of blotchings and clouds tending to 
form a bold irregular cap around the larger end, and also of smaller, 
brownish-red specks and splashes scattered more or less over the 
whole surface of the shell. When sitting on the eggs the hen-bird 
lies very close and does not usually fly out until the nest is actually 
touched or shaken. 

The young birds arc well looked after by their parents for some 
time after they have left the nest and small family-parties, consisting 
of the parents and their young, may often be seen at that time of 
the year. 


WHEAT FOEEOASTS IN THE PUNJAB. 


BY 

H. K. TEBVASKIS, B.A., O.B.E., I.C.S., 

Director of Land Records, Punjab. 

Value oe crop statistics. 

In India the main source of Government income has always 
been land revenue. As long as this was collected in kind, there was 
no urgent necessity for the preparation of crop statistics ; but when 
cash rates were imposed, it became desirable for the Government 
to get some estimates of the actual outturn of the crops from the 
sale of w'hich the cash revenue required w^ould be obtained. This 
has been particularly necessary in a province like the Punjab, where 
the landowners are mainly small proprietors, cultivating their 
owm holdings, and where, therefore, it is very difficult to deduce 
assessment rates from the rents paid by the tenants to landowners. 
But the War gave an additional importance to estimates of outturns 
of food-grains. At that time the outturn of food-grains ran short 
of requirements all over the world, and in every country Govern- 
ments began to estimate their stocks in hand and their probable 
requirements. India being a self-supporting country, the problem 
did not arise there so acutely, but large exports during the War 
follow’'ed by a particularly bad harvest in 1920-21 caused a shortage, 
which caused prices to rise considerably. The export of wheat 
was prohibited under a law framed to meet War emergencies. This 
action gave rise to great “ controversy, the sterile consumer of 
time and energy.”^ Great doubt was felt as to whether the stocks 
in hand were or were not adequate for feeding the population. The 
difficulty of coming to an estimate as to their amount, and the 

Marshal]. Industry and Trader Preface. 
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importance to Government politically of securing that the popula- 
tion had enough food to live on, all drew increased attention, to 
the value of accurate crop statistics. 

Crop statistics originally prepared for land- 
revenue PURPOSES. 

These are, however, recent developments and the methods at 
present in force were based originally on the requirements of the 
land-revenue system. It was Akbar who first substituted a cash 
assessment for payments of land revenue in kind. He “ fixed 
his claim at one-third of the gross produce, and in order to realize 
the revenue on this basis his officials determined the average yield 
of every crop grown in the country, and fixed cash rates represent- 
ing one-third of this average yield valued on the results of ten 
years’ experience. The area sown with each crop was recorded 
season by season, and the demand on each peasant was calculated 
by applying the sanctioned rates to the area which he had culti- 
vated.”^ “ The seasonal crop statistics were an essential feature 
of the regulation system of assessment. These statistics were not 
compiled by the village accountants, who were at this period 
servants of the village, and not of the State ,; season by season the 
measurers and the %vriters appeared on the scene, and if their 
emoluments were in part at least a charge on the peasants, the 
burden must have been heavy. Though these methods were 
improved on by the British Government, the principle of assessment 
•remained the same. “ The rule laying down the standard of 
assessment is as follows: — ‘The assessment of an estate will be 
fixed according to circumstances, but must not exceed half the 
value of the net assets,’ a phrase which is defined as meaning ‘ the 
average surplus which the estate may yield after deduction of the 
expenses of cultivation, including profits of stock and wages of 
labour.’ When the rents are fair competition rents, 50 per cent, 
of the rental is considered to be the measure of the half assets share 



* Moreland. India at the death of Akbar ^ IV, i. 

* Moreland. India at the death of Akbar, lUt ii. 
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of rented land and the rates ascertained from these rents for all 
.classes of soil are applied to the whole cultivation, whether by 
tenants or by the owners. The ascertainment of the rental is a 
comparatively easy matter with our present records wherever cash 
rents prevail, but considerable difficulty is encountered in convert- 
ing produce rents into a cash rate. The area of each crop is of 
course known, but estimates have to be made of the outturns of 
each crop, the actual share received by the landlord and the prices 
obtained by him for his produce; ah of which, owing to the 
■uncertainty involved, are probably usually under-estimated. In 
practice, it is recognized that there are many reasons which niaj 
justify a Settlement Officer in assessing below the maximum stand- 
ard, but he is required to state as accurately as possible what the 
half net assets are, and to give good reasons for any proposal to 
fix the Government demand much below that standard. ^ No 
particular fraction of the gross produce is prescribed as the limit 
of the land revenue demand, the only limit being that just men- 
tioned, viz., half the value of the net assets. It is clear, therefoie, 
that while a great deal of trouble has been taken to get accurate crop 
statistics for the purposes of assessment, yet with that object in 
view a Settlement Officer will always be afraid to impose a higher 
rate than is consistent with absolute safety. If he over-estimates 
the gross produce there is a danger of the settlement breaking down ; 
if he under-estimates no great harm ensues except the slight loss to 
Government. His estimate is, therefore, like an engineer’s estimate 
of the breaking strain of a bridge. It is essential that he should 
provide a large margin for safety. He is moreover an officer who 
moves about amongst the people and is bound to be influenced 
by the “inherent pessimism of the farmer in estimating the 
produce of his land. For all these reasons, while the method of 
obtaining crop statistics for settlement purposes has great value, 
there is an inevitable bias in the direction ol under-estimating the 

outturn. 


^ 1^^22-23, Vol. 1, para. ^ 

Stuart, G. A. D. “The seasonal factor in crop statistics : A niethotl (►i correcting tot 
the inlierent pessiniisnx of the farmer.” Agri. Jour. India^ XIV, 2, April 1919. 
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Present day importance op Punjab wheat statistics 
FOR the Liverpool wheat market. 


For land-revenue purposes what was required was not so much 
accurate statistics of outturn as a conventional figure on which 
a Settlement Ofiicer could base his assessment. But with the 
development of the wheat export trade, combined with the possibi- 
lity of the food supply of the population falling short of what is 
vitally necessary, a desire has arisen for getting results more in 
accordance with actual facts. The development of world’s market 
of wheat is a modern phenomenon, and in this respect wheat 
together with rice and barley is to be differentiated from other 
food-grains such as hajra ' {Pennisetum typhoideum) and jowar 
{Sorghum vulgare) whose market is limited to India. “ Under 
the rule of Rome the ports of the Mediterranean were united into a 
coherent market of wheat, and were indeed connected with a net- 
work of good roads. But during the greater part of history, few 
places, that were not near to great waters, could draw any consider- 
able supply from distant lands, to meet their urgent demand when 
faced by a continued deficiency of their harvests.”^ “ Indian 
records extending back into the eighteenth century show violent 
fluctuations of prices even in great central markets, such as Delhi : 
they show much more violent changes in secondary markets ; 
while, in places remote from any metalled road, their movement 
upwards was limited only by the price of a man’s life, after a series 
of bad harvests ; and by the value of the grain as fuel, after a series 
of good harvests. Gradually the local unevennesses were smoothed 
out by the making of metalled roads and raihvays. Thus Sir 
Theodore Morison tells us that in the eighteenth century, and even 
later, a village of Northern India, which did not lie on its one great 
metalled road, and had no share in its scanty water communication, 
was in effect isolated: there was but slender accommodation in 
shallow grain pits for the surpluses of successive good harvests ; and 
after bad harvests when those pits were exhausted, there was 


^ Marshall. hidiiMry and Trade, App. I, i. Kingsley in i/’/ypa/m (Ch. XX) gives a 
pi utiireso^ue description of the \rheat export trade from Alexandria ti> Ro inev 
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practically no further reserve on which to draw ; so the price of the 
village went its own way, with but little reference to the prices 
even of the neighbouring country. But now the whole of 
Northern India is practically one market for food-grains, and the price 
of wheat in a district in which the crops have failed is the same, with 
but a very small addition for the cost of carriage, as the price in a 
district which had a bumper harvest.'- In regard to India generally 
he concludes that before 1850 prices fluctuated violently, and 
fluctuated in different localities independently. After 1860 ^ they 
were comparatively stable, and fluctuated simultaneously. ^ The 
fact that wheat is an important article of international trade is not 
solely due to its popularity as a food. There are several other 
foods that are more widely consumed than wheat ; there is 
milk, for instance, which is not an object of international trade at 
all. Wheat possesses special qualities that make it easy to buy 
and sell it. It does not deteriorate quickly ; it can be eaten many 
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developed in United States. The Indian source of supplies is not 
so important in its amount as in the time when it arrives. The 
relatively small supplies from Australia and the Argentine are 
exported in February and March, the main supplies from the 
United States and Canada do not come till September and November. 
Indian wheat exported in July arrives at a time when the American 
and Canadian crops can only be approximately estimated. Should 
the carry-over from the last year be small and the Australian and 
Argentine crops be below average, the Indian wheat exporter may 
have the market at his feet, and be able to charge what he likes 
for his produce. The amount of the Indian wheat outturn has 
therefore a world-wide importance, and as the Punjab has 40 per 
cent, of the total Indian wheat acreage, the value of a correct 
forecast of the outturn of this province is obvious. 

Commercial community approach Government. 

With the development of the Indian wheat export has come 
an intensified desire for accurate crop statistics. “In 1883, a 
leading firm of Liverpool merchants interested in the wheat trade 
represented to the Secretary of State for India, through a member 
of Parliament, that the publication of information about crops in 
India, somewhat on the plan adopted by the United States Depart- 
ment of Agriculture, would be useful to persons engaged in business 
with that country.”^ Originally the statistics of outturn were 
prepared after the crop was gathered, but the conmiercial community 
found that this was too late to be of any service to them. The 
Government, therefore, decided to issue crop forecasts in advance 
so that the exporters might be in a position to estimate what amount 
would be forthcoming. It is, therefore, clear that these crop 
forecasts were mainly intended for the benefit of commercial people, 
though Government took care to safeguard itself by saying that 
they were primarily (a) for the general information of the public, 
and (b) for the information of Government, and only secondarily 


^ A Manual on the Preparation of Crop Forecasts in India (Department of Statistics, India), 
Ch. L 
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for the benefit of the trade. But though these crop statistics 
were required now mainly for commercial rather than land-revenue 
purposes, the method of their collection remained essentially the 
same and tended to suffer from the same under-estimate as 

previously. 

Wheat crop forecasts. 

Four forecasts each were prepared for the principal exporting 
crops of wheat and cotton and a lesser number for four other crops. 
Of these the first two forecasts for wheat and cotton deal with area 
only and are admittedly rough estimates. The last two forecasts 
are the important ones. The third forecast is issued in April and 
gives the area and outturn at the time of harvest. The fourth 
forecast, which is issued in the middle of May, gives estimates 
when the crop is nearly harvested. The two forecasts general y 
approximate to each other though in years such as 1923 when the 
rain damaged crops on the threshing floor the estimates may differ 
considerably. These last two reports stand on a different footing 
from the preliminary ones both as regards objects and constitution , 
for, whereas the last two reports being largely concerned with 
outturn are estimates of the quantity of crop actually to be handled, 
the earlier reports are only aids to conjecture as to what that 
quantity will be.i- 

Proposal to have separate yield estimates for bach 

VILLAGE. 

In compiling such forecasts, very accurate estimates of area 
can be obtained from the village patwaris, who are required at each 
harvest inspection to note on the _area under each particular crop. 
But it is in estimates of yield that difficulties arise. The outturn 
of a particular year can be obtained if we know its area in acres and 
the yield per acre, provided the yield is imiform over the area. 
If the yield is not uniform then it is impossible to obtain an accurate 
measure of the outturn, because whatever kind of average we take, 

1 Manual on the Pre'X>araUon of Crop Forecasts in India (Department of Statistics, India). 
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whether the mean, the mode or the arithmetical mean, in any case 
the total area multiplied by this average 'does not equal the sum of 
the small, areas over which the yield is uniform multiplied by their 
respective yields, wliich is the true outturn.* To illustrate this, 
suppose a district in which there are two tahsils, one containing 200,000 
acres of irrigated wheat with a yield of 20 maimds an acre and the 
other containing 10,000 acres of unirrigated wheat yielding 10 
maimds an acre, the actual outturn is 41 lakh maunds, whereas, 
the total area being 210,000 acres and the arithmetical mean of the- 
yield being 15 maunds per acre the outturn obtained by multiphdng 
the area by average yield is 31-5 lakh maunds, which bears very 
little relation to the actual outturn. In cases where the yield is 
nearly uniform the difference would not be so great and a fairly 
accurate result may be obtained by taking the average for the 
areas. The previous practice has been for the Director of Agifcuh 
ture to estimate normal outturns for unirrigated and irrigated areas 
for the district as a whole. These estimates are based on the 
Tahsildars’ estimates of tahsil average yields and modified by 
the Director of Agriculture’s personal experience, and by that of the 
Deputy Director of Agriculture in districts where such an official 
has been appointed. The arrangements suggested, however, should 
lead to more accurate results. The yields in different areas of a 
district vary enormously with inevitable error in the estimate. 
The proposal is, therefore, to get a yield estimate from each pahvari 
(village accountant) for each class of land in his village, i.e., sailah 
(irrigated by percolation), harani (irrigated by rainfall); chcilii 
(irrigated by well) and, canal irrigated. In this way a separate 
yield estimate will be obtained for each small area over which the 
yield is uniform. This method will do away with all the inaccura- 
cies of estimates which inevitably follow from an average yield over 

* For let dj an be Small areas over which the yield is uni fo nil. 

Vi y^i Vn b e the yields per acre of those areas. 

Then the total outturn is y, a^ + y^ a. + an. But this does not equal 

the average yield x the total area which is 1 (Vi + Vo . . . . yn) (ax rf bj -|- an'i. 

Here the average yield is taken as the arithmetic mean of all yields, but similar arguments 
would apply for an average^based on any otherjprinciple. 
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the whole district. The patwari having given his estimate of yield 
in this way the area under each crop is known accurately from the 
land-revenue papers, and each patwari can, therefore, estimate the 
outturn of his village. A forecast of considerable accuracy can 
thus be obtained, provided the estimates of yields are 

accurate. 


BsTIMAW SHOOTD be IE MAOTDS AED SEKES PEE ACRE 
eathee teas in peecentaqes of noemal yield. 

Hitleito we have been considering the question of average over 
a district, but the term average is also used in connection with the 
average crop in a particular area taken over a senes of years, and 
it was originally considered impossible for the }«.(» to pve an 
estimate of yields in maunds and seers per acre. It, was thought 
that he could only give his impression of the particdar crop as 
a good or bad one in terms of a percentage of the average yre . 
For this purpose the Director of Land Eeoords worked out a quin- 
quennial average baaed on actual crop experiments taken on small 
areas which were considered typical or average. But apart from 
the Dossibilities of errors in such experiments the question arose 
in what way these areas were average. StatisticaUy there are three 
such kinds of averages. (1) The mode, i.e., the Sguie which most 
frequently occurs in a series of varying homogeneous quantities 
of ^ihich’^ the , normal or average is reqmred. (2) The median, 
i e the figure which divides the series of varying quantities in 
two equal parte ; in other words, a figure such that the number of 
quantities in excess of it are equal to the number below it. (3) The 
ordinary arithmetical mean or average, that is, the sum of the 
quantities considered divided by their number. The fields on which 
such experiments were conducted would naturally give a resdt 
which was nearer the mode than the arithmetical mean. A Settle- 
ment Officer, in arrivii^ at the rates of yield to be ^opted tor 
assessment purposes in addition to considering the resets of actual 
crop experiments, wisely places a good deal of depe ndence on the 

Oommitlee, para. 361. Agri. Jour., India, XV7, 2, April 1919. 
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rt.‘, suits of his personal local enqxiiries from cultivators and othoi's 
su])pleniented of course by his own observations. Such results 
tend pretty obviously to give a ‘'modal’ average (or ‘mode’) 
rather than an arithmetical average or ‘ mean.’ Fields for practical 
experiment by crop-cutting and weighment are selected generallv 
in the light of an instruction to select ‘ a.verage fields in an average ’’J 

village.’ Thus the assumption of an average is a fundamental 
feature of the whole process, so that the experimental investigation is' { 

moves more or less in a cii'cle. If the man on the spot really knew 
the norm, or the average, and really calculated what percentage of 
that norm the actual crop represents, he would have to begin by 
making up his mind how many maunds and seers on an. average 
each acre would produce. He really knows and does none of 
these things. Only one of them is essential, viz., the estimate 
of the number of maunds and seers to the acre, for the purposes of 
the forecast, and it is this estimate which ^ve should endeavour to 
make the man on the spot prepare. For these reasons it seems 
desirable that the paiwari should give the estimate in maunds and 
seers and not in percentages of an assumed normal crop. It is 
true that in so doing .he will tend to under-estimate the outturn, 

(1) because, as has been pointed out above, the whole land-revenue 
assessment has a bias in favour of under-estimating, i (2) because 
the zemindars, on consultation mth whom he will largely base his 
estimate, will always under-estimate their outturn with, the object 
of obtaining a low assessment of land revenue, (3) because of the 
“ inherent pessimism of the farmer which is notorious through- 
out the world. But in spite of this tendency to under-estimate, the 
relative values of patwari’s esthnates of yield have a- very fair 
accuracy. The Punjab pativari is generally in close touch with all 
matters affecting the agriculture of his circle, and it would ba 
impossible to find in the Punjab instances such as that quoted from 
Madras “ where no village accountant kept any accounts and 
where all figures w^ere invented at the close of the year.”® The 


^P. 231. 

“ Stuart. Ad'ri. Jour., Iniia, XTV, 3, April 1919. 
“Id. 
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tendency to under-estimate will be more or less nmtorm trom year 
to year, and it would be better to correct sucb an under-estimate 
by adding tbe necessary percentage to tbe total outturn ratlier 
than by attempting to doctor the result of each patwan m each 

^dllage. 

Estimates of outturn and consumption. 

But though provincial estimates based on the pa^wmfs esti- 
mates of yields for particular class of lands and villages will lead 
to an increased accuracy, the present method of taking district 
averages of irrigated and unirrigated crops has furnished results 
which are admittedly of great value to exporters. These estimates 
are given in the Season and Crop Reports. It is generally believed 
that exporters arrive at an approximation to the true outturn by 
adding about 33 per cent, to the official figures. Probably the 
fiffiires are nearer the true outturn than the exportert 


Estimates of wheat consumption must TAnii. hm'- 
aocount that of other food-grains. 

The estimates for consumption and stocks in hand can only be 
approximate, but an endeavour ivill be made to show that such 
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enfiinates may nevertlieless be combineid with tlie estimates o!: 
iiuttiim for purposes of mutual check. It- is clear that in estimating 
consumption other food-grains must be taken into consideration 
;is well as wlieat, and estimates of their outturn are also, therefore, 
necessary. These have also been taken in a similar manner to that 
of wheat from the Season and Crop Keport. Estimates of outturn 
of other food-grains iire compiled in a very sijuilar manner to those 
for wheat, and it is reasonable to assume that if they are under- 
estimated, the amount of under-estimate will be proportional to 
that for wheat. 

Deductions for seed and exports. 

In making sueli estimates only round figures are of any value, 
and therefore the estimates will only be given iti million tons to 
one decimal place. The deductions for seed are relatively small 
and an approximate estimate for seed is, for wheat, about 30 seers 
per acre (i.e., of the area over which it was sowid), and for other 
food-grains 5 per cent, of the outturn. The exports are obtained 
from the Internal Trade Report which has unfortunately been 
discontinued though exporters have strongly pressed for its renewal 
and proposals for that purpose are under consideration. The 
figures appended, however, mil only give exports up to the year 
1921-22 after which the Internal Trade Report was discontinued. 
The export figures may be taken to be strictly accurate within the 
limits necessary for the purposes of this discussion. 

Consumption ESTIMATES. 

It is in making estimates of consumption that there is the 
greatest possibility of error. - Popular estimates vary from |- to 1 
seer per day per individual. Sir Ganga Ram’s figure for the whole 
of India works out to about .half a seer per individual,® but this is 
probably too small lor the Punjab, with a strong manly agricultural 


^ .Roberts. A Text-book of Punjab AgncAtUwe, p. 97, 

Sir Ganga Ram. Agriculture: *4 Profession, Address delweved at the 
College, Lyallpur, on 27th March, 1923. 
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population. We may ta,ke therefore as a working Ii}T3otliesis that the 
wheat consumption lies betw^een I and I seer per daj^ per individual, 
and for this purpose the nutritive value of a seer of other food- 
grains may be equated to that of a seer of wheat. As the Internal 
Trade Eeport deals with export from the Punjab, including Indian 
States, Delhi and North-West Frontier Province, it is necessary to 
check the consumption of the whole of ' this area. There are, 
however, certain Indian States for which there are no outturn 
returns. They are, however, Hill States which are self-supporting 
and from which the exports are negligible. lire argument w ill 
not, therefore, be affected by excluding them from the population 
statistics on which consumption is based and also from tire food 
outturn figures, and this has been done. The population ot the 
area under consideration is 27 millions. Half a seer per day for 
this population amounts to 4’5 million tons. The actual consump- 
tion is assumed to be 4-5 multiplied by 1+y, where lies betw^een 
0 and 1. As the statistics given in the Internal Trade Eeport are 
for the financial year Avhile the Season and Crop Eeport deals with 
the agricultural year, the wheat and gram statistics are in each case 
those of the succeeding year, e.g., the wheat and gram statistics 
for the financial year 1913-14 are taken from the Season and Crop 
Eeport of 1912-13. Other food-grains are all Miarif crops with the 
excejition of barley, the amount of which is so small that no great 
error wall be caused by classifying it wdth the other food-grains and 
including the amount a year previously. It is impossible to isolate 
barley as there are no separate statistics given for the export of 
barley w^hich is classified wdth other food-grains. This wall serve to 
show'' how the following statement is arrived at 


Wheat consimiption (fignres in milKon tons) for Punjab mchiclmg Inddcm States, DeUii and 

N. W, F, Province, 
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Limits that may be assigned to estimates oe 

CONSUMPTION. 

a is the assumed stock carried over at the commencement of 
the year 1912-13. Stock remaining at the end of 1921-22 is seen 
from the statement to be— 
a d- 0-6 -f 56-9 x— 45-0 y. 

Now X and y are fractions. It has already been shown that 
X lies between 0 and 4 


Put * = di = ’1. 

iU 10 

So tliat aSj lies between 0 and 3| 


Then stock at end of 1921-22 = a -j- 0'6 5’7 x^ — 4 5 yi approxi- 

mately. 

Now at present there is no means of accurately estimating the 
amount of stocks in hand, though, as will be seen, a yearly census 
of the total wheat stocks in the province at the end of the year is 
under contemplation. In default of such a census there are some 
limits which may be assigned to the probable amount of stock held 
over at the end of the year. It is not um-easonable to assume that 
it does not exceed a million tons in any particular year. There 
is no reason to suppose that the amount of stocks held over was 
otherwise than normal at the end of the years 1911-12 and 1921-22. 
The stocks in hand at the end of both these years may therefore 
be assumed to be rouglily the same, and the difference between 
them would be sufficiently small to be negligible for tlie purpose 
of the rough approximation Avhich has been made for the purpose 
of tiiis discussion. 

Hence carry-over from 1911-12 = carry-over from 1921-22. 

Or a = a + 0‘6 — 4*52/i or -j- 6. 

Now lies between 0 and Sj, 

Hence yj_ lies between and 4|. 

Hence y lies between O'Ol and 0'4 (roughly). 

We may now put this into ordinary language. If we assume 
that the estimates of outturn for the last 10 years are correct, then 
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tte average consumption per liead will be 0‘55 seer. If we assume 
tliat the estimates are ,33 per cent, too small, then the average 
consumption per head must be 0'7 seer. It has been shown that 
the outturn must lie between these limits, and we can therefore 
deduce fairly close limits for the consumption per head, hmits 
which, it has already been shown, axQ' prima facie probable. Thus, 
though we cannot be certain of the accuracy of our estimates of 
outturn, and still less of the accuracy of our estimates of consump- 
tion, Ave can connect these estimates with each other in such a way 
as to use each as a check on the other. 


Suggested census of stocks. 

It Avill now be seen that far more valuable results could be 
obtained if we had estimates of the amount of the stocks in hand 
at the end of the financial year, as even if these estimates are liable 
to considerable error jet as before we might assume that the percent- 
age of error remained constant from year to year, and tlierefore by a 
similar line of argument to that which has been applied to outturn 
and consumption, limits might be assigned within which the amount 
of stocks in hand must lie. The end of the financial year Avoidd be 
the best time for making such a census as it is both the time when 
the year for Avhich exj)orts are given commences and also the time 
Avhen the Avheat stocks have reached their lowest and when therefore 
it would be easiest to take a census of their amount, as then the 
great mass of wheat is in the nimidi and there is little left with the 
zemindar. It has been proposed that such a census should be 
taken by Deputy Commissioners through Tahsildars, who mil 
estimate the stocks with zenfindars and in ordinary numdis. ■ In 
cases of large niandis the estimates would be obtained from bazaar 
chaudJitis, big merchants or exporting firms. In each case it will be 
left to the discretion of the Deputy Conmiissioner to select such 
methods as he may choose. It is also proposed that Deputy 
Commissioners in making their estimates should not only give Avhat 
they consider the probable amount of the stock in hand in the 
district but also the maximiun or minimum limits which they 
consider possible for these stocks. This will enable us to get some 
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general idea of the possible errors in the estimates of stocks. 
Assuming that some rough idea of the stock in hand at the end of the 
year may be obtained by some such methods as tliis, we should 
then be in a jiosition to check these results by oirr figures for outturn 
and consumption, which could again be used to check the results 
for stocks, and with each year an increasingly accurate estimate 
could be framed. 

For example, if such a census of stocks had been held during 
the four years 1918-19 to 1921-22, and the amounts of stocks had 
been found to be h, 6 o, h^, and assuming that the real amounts 
were & (1 z), 6 o (1 -[- 2 ), (1 -j- 2 ), 69 . (1 -j- z) where z is a fraction 

(and may be negative), then we should have— 

b (1 -j- 2 ) = a — 0-2 -f- 40-9a; — 31-5^ 

^0 (f “f" “h 01 “h 46"4 j’ — 36‘Oy 

(1 ~j~ z") = a -j— 0‘3 -}- 52'4£C — 40'5^ 

62 (1 -f- 2 ) — a -j- 0'6 -j- 56'9x — ^ 45’0|/. 

Whence results could be obtained for a, x, y, z {b, b^, b^, 69 being 
known). Such results, if used with caution, could give very valuable 
information, which could be used to criticise or confirm the accuracy 
of the methods employed in collecting statistics of outturn and 
stock. It has also been suggested that a further check on the 
accuracy of the results could be obtained from districts such as 
Hissar or Lyallpm, which have little road communication with 
outside districts, and where by getting figures for outturn, net 
export, consumption, and stocks for those districts alone, a further 
check might be made on the accuracy of the statistical methods 
employed for the province as a whole. 
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error but would not eliminate tMs bias. But estimates can be 
obtained for outturn, consumption, and stocks m band. Udiese 
estimates will probably be biased, but the bias may be assume 
be constant from year to year. By means of this assumption t rey 
may be used to check each other, with continually nearer appioxima 
tions to true results. An example of how this might be done has 
been worked out, and though every endeavour has_ been made to 
take into consideration all the factors involved, it is possible that 
some may have been overlooked. The contention made is not so 
much that the results here obtained are strictly accurate, as that 
by some such method as that here indicated a far nearer approach 
to correct estimates of outturn, consumption, and stocks in hand 
could be obtained than has hitherto been possible. 




A PEELIMIxN' ARY ACCOUNT OF THE INVESTIOxlTION 
OF COTTON WILT IN CENTRAL PROVINCES 
AND BERAR.* 


JEHANCIIE FARDUNJI DASTUR, M.Sc., D.I.C., 

Offg. Mycologist to Government of Genlral Provinces. 

ITce wilt of cotton is the most important disease of cotton in 
the Central Provinces and Berar. The loss caused by it is not 
insignificant. In fact in these provinces it has spread to such an 
alarming extent, and is continuing to spread so much, that the Indian 
Central Cotton Committee is financing experiments for the study 
of this important problem, not only in these provinces but also in 
Bombay. 

A paper on this disease was read before this Congress in Calcutta 
in 1921 but not before this Section. As a general accomit of this 
disease and of the loss caused by it is already given by Ajrekar and 
Bal in the paper^ referred to, it is not necessary to give an account 
here once again. The considerable loss caused by wilt in the 
affected areas can be judged from the fact that at Nagpur out of 
393 plants of AK2, a variety of nemm, and 171 plants of AK4, a 
rariet}" of malvemin, grown in pots containing soils from wilted 
fields of Akola and Nagpur Government Farms, only 23 AK2 and 54 
AJv4 plants are alive up to date, i.e., the loss of AK2 plants has been 
95 per cent, and of AK4 68‘5 per cent., while of the 255 Alv2 
plants and 273 AK4 plants grown in pots containing soil from 
non- wilted areas not a single plant has wilted. 


* Paper read at the Agricultural {Section of the Indian Science Congress, Pangalore, 1924* 
^ Agri. Jour, Ind., XVI, pp. 598-617, 
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Whatever difference of opinion there be regarding the extent 
of the loss caused by the disease, regarding the spread of the disease 
and regarding the inunnnity of certain varieties, there is no doubt 
that, so far, there has been an unanimity of opinion amongst 
mycologists and agriculturists that the ^rilt is caused by a fungus, 
a species of Fusariitm, though I do not know what justification 
there is for holding this view except that it be because in badly 
wilted plants fungus myceliiim has invariably been found and 
because cotton mlt in America has been known to be caused by a 
fungus called Fusarium vasinfectum. But I do not consider that 
as yet any satisfactory evidence has been produced to establish 
the fimgal natiu’e of the Indian disease. The only serious attempts 
so far made in India to prove the fungal origin of the disease 
have been by Butler^ and by Ajrekar and BaP, judging from the 
published accoimts of the work done on this disease. Butler 
reports to have definitely established at Pusa (Bihar) in 1913-14 
“ the cause of the wilt to be a species of Fusarium, successful 



inoculations with pure cultures of fungus having been secured.” 
The joint authors, Ajrekar and Bal, claim to have isolated two 
strains of a species of Fusarium from wilted cotton plants and 
to have established their parasitism by inoculation experiments. 
If these claims can be supported by irrefutable evidence, a great 
step forward has been achieved towards the solution of this very 
important problem, smce the first real stej) towards the control 
of any plant disease is to discover what it is due to. Therefore, 
it is essential to examine these claims critically to see how far they 
are justified. Unfortimately, Butler’s discovery of the parasitic 
fungus has not so far been sujiiwrted by an account of the work 
done by him. However, Ajrekar and Bal have given details of 
their work and so we can examine their claim critically. 

In the middle of July of 1920, 11 seedlings of Roseum in one 
pot and 9 in another, the seedlings being about three weeks old, were 
inoculated with the fungus (Strain 1) which they had isolated 


' BuUor, E. J. 
“ Ajrolvaj', S. 3- 
Central Pruviuces, 
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from wilted cotton plants collected from the AgriciiltiirMl College 
Farm, at Nagpur in 1919 (BKperimeiit No. 1). The result was that 2 
out of the 11 seedlings a,nd 4 out of the 9 seedlings inoculated died 
between the third AA^eek of August and the middle of September, i.e., 
out of 20 Roseuni seedlings inoculated only 6 died. Three weeks 
oldEoseum seedlings on the 20th of July were inoculated AAdth the 
fungus (Strain II) obtained from Avilted plants from the pot culture 
experiments of the Agricultural Chemist, Nagpur, and only one 
plant died a month later (Experiment No. 3). Two days later, i.e., 
on the 22nd of July, 5 more seedlings, three weeks old, AATre inocu- 
lated with this fungus. In 3 of these seedlings, the fungus was 
introduced in the tissues through a puncture made by a needle in 
the part of the stem in contact AAdth the soil. In spite of this heroic 
measure the seedlings remained healthy (Experiment No. 4). In 
the first AA^eek of August, 18 Iloseum seeds AA^ere soAAm in two pots 
along with the fungus (Strain II). Healthy plants Avere raised 
from these seeds. As a result of these experiments the joint authors 
claim that two strains of Fioscmwn species haA^e been isolated from 
AAiltcd cotton plants and their causal connections \AAith the AA’^iit 
disease established. N'o explanation is giA^en as to AA^hy in Experi- 
ment No. 1, Pot No. 1, 9 plants out of 11 escaped the Avilt, and in 
Pot No. 2, o plants out of 9 remained healthA’^. Out of the foni^ 
plants Avilted AA^e are told the original fungus Avas recovered from 
three plants, so evidently the fungus Avas not recoA^ered from the 
fourth plant, i.e., the cause of the Aviit may not be due to this fungus. 
As no mention, is made as to AA'^hether the fungus Avas recovered from 
the dead plants of Pot No. 1, Ave do not knoAv if they failed to get 
the fungus or that they made no attempts to reisolate it. 

They attribute the negative results obtained in their other 
experiments Adth the Strains I and II “ perhaps to the time at Avhich 
the inoculations were made, the season haAung advanced by that 
time.” This explanation cannot bear close scrutiny . Their 
Experiment No. 4, which' gave negative results, was made tAvo days 
after the Experiment No. 2 which gave one wilted plaht out of S 
inoculated, even though in Experiment No. 4, as already stated, 
three Aveeks old seedlings Avere inoculated through punctures. 
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Again, if we adiuit that plants raised from seeds sown in tlie end of 
August along with the fungus remained liealthy because, the season 
was too far advanced for the fungus to attack the plants, how 
can we correlate this wdth the observations made over and over 
again that in the fields plants continue to get Avilted at all stages of 
their growth, right up to the end of the season ? I he joint authors 
boldly assert that the negative results do not prove anything. In 
fact the AATiter of this note believes that these negative results 
are of great importance. It is evident from the conclusions arrived 
at by Ajrekar and Bal and from the half-hearted explanations 
offered for explaining away the negative results, that they started 
with the fixed idea that the disease was of fungal origin and that 
the fungus vvas a species of 

I have isolated species of Ftmvrmm from innumerable wdted 
plants and from various localities such as Nagpur, Akola, ^ Basiin, 
Murtizapur, Boregaon and X'eotmal, and have made several inocula- 
tions under varying conditions, but the results have always been the 
same and very much similar to those of Ajrekar and Bal, vdz., that 
the fungus failed to inoculate the plants. ^Ihe more the inoculated 
plants were under normal conditions the more complete vvas the 
failure to inoculate even the most susceptible varieties like AK2 
and Eoseum. A short account of the inoculation experiments 
would not be out of place here. 

Seeds of AK2, AK4 and Eoseum were extei-nally sterilized with 
corrosive sublimate or strong sulphiuic acid, and were planted in 
sterilized calcium chloride towers and in long test tubes containing 
sterilized moist sand. When the seedlings were about a week old, they 
were inoculated with different strains of the fungus isolated from plants 
from different localities. The inoculum was observed to put forth new 
growth ; but the seedlings remained healthy and there was not even 
my penetration of the hyphae in the tissues of the seedlings, till when 
after several days both the inoculated seedlings and the control 
seedlings began to show loss of \dtality and evident signs of starva- 
tion and water-logging ; the fungus then made headway m the 
tissue of the seedlings but even then there was no wilting ; there 
was a wet rot, the internal appearance of the infected tissues was 
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eiitii'ely unlike that of the typically wilted plant, 'khe isolation of 
the fungus identical with the one used for inoculations from 
tliese rotting seedlings cannot be put forward as an evidence of 
parasitism of the fungus. 

The strains that were used for inoculating seedlings under 
asee,])tic conditions were used for inoculating plants of AK2 grown 
in pots containing virgin soil from a tank near Nagpur. The 
inoculations were done at various stages in the development of the 
gr<»wth of the plants. The following method ^vas used to inoculate 
the plants ; the soil was scraped an inch or two deep, round tlie 
plants ; tire upper lateral roots were cut but the tap root was not 
injured ; the whole contents of a nutrient agar tube in whicli tlie 
fungus was growing luxuriously were transferred to the scraped 
soil ; precautions were taken to have some inoculum attarfhed to 
the exposed subterranean part of the stem and lateral broken roots 
before they were covered over again witli earth. In every ease 
the result was the same ; the controls and the inoculated plants 
were equally healthy and developed good flowers and bolls. 

Plants of AK2, AK4 and Eoseum grown in sand in small 
pots and kept out in the open in a wire cage were similarly inoculat- 
ed. The inoculations gave uniformly negative results. However, 
some interesting observations were recorded. For example, plants in 
pots brought to the laboratory began to droop if kept there even less 
than half an hour before replacing them, in the wure cage. Even 
the next day they looked sickly. The leaves ultimately dropped, 
the plants did not die but their growth was stunted. Again it was 
found that the parts of the plants wFich came in contact with the 
inner walls of the bell-jar used for covering inoculated and control 
plants turned brown and drooped and ultimately did not recover. 
Further, it was observed that if the tap root was injured the plant 
began to dry up immediately and developed typical external 
symptoms of wilt but not the internal. There was no browning 
of the inner tissues. It is possible, therefore, that inoculations 
carried out under such or similar conditions may at times give 
what may be mistaken as positive results especially if the inoculated 
plant has had a severe set-back. 
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Tlius we see that as yet no couchxsive evidoncc has been 
produced to prove the fungal origin of the cotton wilt. 

The question then naturally arises what is the nature of the 
wilt and if the fungus which has been found in wilted plants 
which have been collected in varioxis localities such as Nagpur, 
Basim, .Akola, Murtizapur and Boregaon, has any connection 
with the wilt. This question may perhaps be answered bv a 
careful examination of the diseased tissues. 

The internal appearance of a wilted plant is very characteristic. 
In the 'early stages of the attack the effect on tlie tissues is a 
yellowing of the Avails of some of the A-essels, these aauiIIs then 
turn deep yelloAV IxroAAUi, ultimately dark broAAUi and then quite 
black ; at times the v^essels are filled, partially or wholly, Avith some 
da.rk coloured substance. The A^essels of affected tissues have these 
colours even AAdien they do not contain any mycelium. In fact 
the A^essels in AAhich the hyphse are found may be otherAAUse quite 
normal in appearance. The mycelium has been very seldom 
found in such large quantities as to plug the lumen of the ves&els. 
Even Ajrekar and Bal, AAho claim to have discovered the parasitic 
fungus, have not failed to observe that the mechanical blodcmg 
up of the vessels AA^as not so complete as to account for the AAulting 
effect and therefore they suspected that the fungus secreted some 
toxin AA'hich brought about the death, but they failed to A^erif}- 
the suspicion by their experiments. It is remarkable indeed that 
the plant should so completely wilt even though the fungus could 
be traced only in a few vessels and even these were, at best, only 
partially clogged. If healthy plants and Avilting plants are placed 
in tap Avater coloured with methyl blue, all the vascular tissues 
of the healthy plants are found to be functional as evidenced from 
the presence of blue colour in these tissues ; but in the wilting 
plants a number of the vascular strands are found not to function. 
If the tissues from a Avilting plant are boiled in a concentrated 
solution of logAvood containing ammonium carbonate, the sections 
from a diseased plant and from a healthy plant show a characteristic 
difference. The tissues from the healthy plant stain pink, but 
in the diseased tissues of the wilting plant not only the walls of some 
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tissues are coloured blue and not pink but some of tbe cells contain 
varying amounts of dark blue deposits. These deposits are found 
not only in the lumen of the vessels and cells of vascular strands 
but also in cell lumen of the medullary rays, endodermis, softer 
tissues of the phloem and in the cortex. In many eases the cell 
cavities are completely filled with this substance which is not 
visible till it is stained blue or dark blue with logwood and amo- 
nium carbonate. Again if bits of the diseased tissues, untouched 
by a steel knife, are placed in an acidulated solution of potassium 
sulpho-cyanide, they take pink or red colour. No wilting or wilted 
plant has been found up to no\v, w^hich has not invariably given 
either both or one of these two reactions, especially the blue reaction 
with logwood and ammonium carbonate ; these are micro- chemical 
tests for aluminium and iron. The fungus mycelium has invariably 
been found only in the plants in the tissues of which the accumulation 
of these salts has been ascertained by these micro-chemical tests. 
Attempts were then made to find if these substances were to be found 
in the tissues of the plants without the fungus. It has already been 
stated that normally healthy plants did not give the reactions described 
above. In wilted areas and in pots containing soil from wilted 
fields a search was made for plants in the early stages of wilt, 
showing either the presence of the fungus without these salts or 
of the salts without the fungus. Up to now no plant has been 
found to show the presence of only the fungus hyphre in the tissues 
without these accumulations of aluminium and iron salts, but plants 
have been found which have shown the presence of the salts of 
aluminium and iron in their tissues, by micro-chemicaT tests, in 
absence of the fungus. These tests have also been tried with the 
tissues of cotton plants attacked hj Rhizoctonia solani Kunz in 
C. P. and Madras (the Madras specimens were obtained through 
the courtesy of Mr. Hilson) ; but they have given the same reactions 
as the healthy tissues ; thus we see that these reactions are peculiar 
only to plants suffering from wilt. 

When inoculation experiments with the fungus isolated from 
wilted plants failed to infect healthy plants, experiments were 
made to inject one per cent, solutions of salts of aluminium and 
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iron in the tissues of healthy plants growing in three feet high pots 
filled with virgin soil from a lake near Nagpur. The plants were 
over four feet high, the stem about 10 mm. in diameter and had 
lovely green foliage. The injections were made by introducing a 
fine capillary end of a bent glass tube, about 10 mm. in diameter, 
in the stem near the ground level. In no case was the plant given 
more than 10 c.c. of the solution, but it is extremely improbable 
that all this quantity was absorbed by the plant because the injec- 
tions had to be given to plants growing out in the open; and on 
account of exposure to strong nund and rain the water-tight connec- 
tion between the injecting tube and the plant was displaced more^ 
often than not. Whether the plant was injected with aluminium 
chloride or aluminium sulphate or with ferric chloride or ferrous 
sulphate the appearance of the tissues was the same. Where the 
connection between the injecting tube and the stem had remained 
water-tight sufficiently long, it was found that the central tissues 
had become black and a part of the surrounding tissues had turned 
brown for a distance of about eight inches above the point of injection 
and in some cases also a few inches below ground level. Microscopical 
appearance of sections cut from the part of the stem which had 
absorbed the solutions was identical with that of the diseased tissues 
of a wilting plant. Plants injected with aluminium salts gave positive 
reaction with logwood and ammonium carbonate and negative reaction 
with potassium sulpho-cyanide. Plants injected with iron salts 
gave positive reaction with potessium sulpho-cyanide and negative 
with logwood and ammonium carbonate. Along with the injections 
of these salts pure distilled water was also injected in some plants 
which served as controls. The internal tissues remained normal 
and gave no micro-chemical tests for ahrminium and iron salts. 
The external effect of the injection of salt solutions was drying up 
of two or three leaves above the point of injection. None of the 
injected plants completely wilted though one or two plants showed 
signs of wilting the day following the injection but they soon 
recovered. It is probable that sufficient quantity of the solutions 
was not absorbed by the plant to cause wilting ; besides the tissues 
which had absorbed these solutions and had thereby ceased- to 
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function, there were a large number of vessels and cells which were 
normal and functional. This may be the reason why there was no 
wilting of the injected plants. And this explanation seems to be 
borne out by observations made at the Nagpin Farm on the wilted 
plots in the middle of November and from the pot culture experi- 
ments. On the experimental plot most of the Eoseum and AK2 
plants had completely wilted but there were a few plants which 
looked healthy. But in cutting open the stems of these plants 
it was found that the majority of these plants showed a certain 
amount of browning in the vascular tissues. The sections had 
the same microscopic appearance as the diseased tissues of wilted 
plants. The fungus hyphse were present in the vessels not in any 
conspicuously marked extent less than in the wilting plants. The 
micro-chemical tests showed that aluminium and iron had not 
accumulated in all the tissues. The accumulation of these salts 
was not general but rather scattered. The majority of the cells 
and vessels were functional and perhaps therefore the lants did 
not show signs of wilting. It is not possible to say if liese plants 
would have wilted if they had been allowed to stand longer in the 
ground. The few surviving plants in pots containing “ wilted ” 
soil which externally looked healthy, though small in size, in the 
middle of November, also showed the characteristic browning 
of some of the tissues and gave positive reactions for aluminium and 
iron, though the fungus mycelium was not observed in all these plants. 

AK2 plants grown in pots containing sand were carefully 
removed without inj uring the tap roots and were transplanted 
to jars containing distilled water and different concentrations of 
the normal solution of aluminium chloride, viz., O’Ol per cent., 
0'005 per cent, and O'OOOl per cent. The jars were covered with 
brown paper and were kept out in the open. All the plants at first 
drooped and shed their leaves. New shoots and leaves were put 
forth by all the plants except those kept in O’Ol percent, normal 
solution. This concentration of the salt was found to be toxic. 
These plants wilted and were dead in a week. On cutting open the 
plants it was observed that there was the typical browning of the 
vascular strands commencing from top downwards. Sections of 
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tlie upper portions of the plants were typical of the norniall)' wilted 
plants. There was the yellowing of some of the vessels. In sections 
from the lower portions of the stem and roots, discoloration of the 
vessels was absent. Sections when boiled in logwood solution 
containing ammonium carbonate gave tiqiical reaction of waited 
plant. Not only w'^ere the cell w'^alls, especially of the vascular 
strands, coloured blue but many of the cells and vessels were plugged 
with a dark blue deposit. This plugging of the lumen was not 

visible in the unstained sections. 

The constant accumulation of the compounds of iron and 
aluminium in the tissues of wilting plants, the constant absence 
of these accumulations from the tissues of healthy plants and plants 
attacked by Rhizootonia solani Kunz and the complete failure to 
isolate a parasitic organism from the wilting plants, suggest that 
the accumulation of these compounds may have some correlation 
wdth the wilt and that the species of Fusariuwi which has been 
isolated from wilting plants in different cotton tracts may be 
merely a contributory factor in hastening the death of the plant 
and that the fungus follows in the wake of the accumulations of 
these compounds in the tissues. 

I wish to take this opportunity to thank my colleagues, the 
Agricultural Chemists, Mr. F. J. Flymen and Mr. A. E. Padmanabha 
Aiyer, the Principal of the Agricultural College, Mr. E. G. Allan, 
and the Economic Botanist, Mr. W. Youngman, for the help they 
have given to me in my work. 
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BY 
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Deputy Director of Agriculture, Southern and Eastern Circles, Central 

Provinces. 

The Tliirteenth Meeting of the Board of Agriculture in India 
was held at Bangalore in the Daly Memorial Hall from 21st to 25th 
January, 1924. 

His Highness the Maharaja of Mysore evinced his deep interest 
in the deliberations of the Board by graciously consenting to preside 
at its opening meeting. His Highness, who was accompanied by 
Their Excellencies the Resident and the Dewan and other high 
officials and notables of the State, in opening the proceedings said 
that it gave him peculiar pleasure to welcome the Board to Mysore i 

because it was the first occasion on which the Board had met in an I 

Indian State. Referring to the agenda His Highness said that 
the questions down for discussion gave but a faint impression of the 
magnitude and complexity of the problems which confronted the 
department. His Highness saw, in the development of agricultural 
co-operation, the means whereby the department would be freed 
from the work of retailing and distributing agricultural necessities, 
and he hoped that the results of the Board’s dehberations on the 
subject would enable Local Governments to deal with the question 
more effectually than they had been able to do in the past. 

Dealing with the question of cattle improvement. His Highness 
said that work on scientific lines had barely begun. It was neces- 
sary to lay, at the beginning, broad and sound foundations. A 
sound policy and a firm determination on the part of Local Govern- 
ments and Agricultural Departments to carry out that pohcy till 
results w'ere achieved, were essential to success. 

( 261 ) 





Discussing tlie question wlietlier or not experimental farms 
should be self-supporting, His Highness was of the opinion that the 
expectation that these institations should be made to pay had 
arisen from a misunderstanding of the functions of these farms. 
They were really outdoor laboratories for the investigation of 
problems connected with the agriculture of a particular area, and 
as such were on the same basis as laboratories maintained by 
large manufacturing concerns to investigate manufacturing and 
other problems. No industrial concern would expect its scientific 
laboratories to be self-supporting, and in- the same way it appeared 
to be extremely unwise and short-sighted to lay emphasis upon the 
money-making side of the experimental farm. A better criterion of 
its usefulness was the influence it exerted on the agriculture of the 
State. At the same time it was reasonable to expect that funds should 
be expended as economically as was corrsistent with sound work. 

In conclusion, His Highness paid a tribute to the excellent 
work being done by the Mysore Department of Agriculture iirrder 
the guidance of its present experienced head. Dr. LesHe Coleman, 
and to the real progress which had been made in all parts of India 
since the Board fir'st met 19 years ago. The irnmerrse distance 
which lay between Indian agriculture in its preseirt state and Indian 
agriculture as it should be, called for the most strenuous efforts 
the' department cordd put forward and for the most loyal support 
and recognition of the department’s work on the part of Local 


Governments. 

• In his reply to the address of H. H. the Maharaja of Mysore, 

Mr. S. Milligan, President of the Board, expressed the appreciation 
of the members of the Board of His Highness s kindness in inviting ^ 

them to hold their biennial meeting in Mysore. Not only was this , 

the first occasion on which the Board had met in an Indian State ; 
it was' also the first occasion in the history of the Board on which 
a Euling Prince had consented to preside at its opening meeting. 

The occasion was unique and, if he might say so, inspiring. Mysore 
was justly proud of its position among Indian States not only in | 

refepect of its agricultural development but also of the rapid stride | 

it had made along other lines of advance — social, economic and | 
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scientific. It was a well-known fact that the prosperity of the State 
was due in no small measure to the incessant and unsparing efforts 
of its highly enlightened and sympathetic ruler. He was sure that 
the words of encouragement His Highness had been kind enough 
to say would prove an incentive to further work not only in Mysore 
but throughout India. 

Continuing, Mr. Milligan said that the Board had been associated 
with the work of the Agricultural Department in India since its 
reorganization nineteen years ago. It had been of extraordinary 
value in the development of the Imperial and Provincial Departments 
in that it had succeeded in preserving a yude outlook amongst workers 
in the provinces and had been the means of promoting collaboration, 
uni ty of purpose, and standardization of agricultural education 
throughout India, to a degree which would otherwise have been 
impossible. Since they last met, the Agricultural Department as a 
whole had had a very anxious time owing to the financial situation 
which appeared to have a tendency to become chronic. Although 
the current activities of the department had not been affected to 
any considerable extent, financial stringency had unfortmrately 
stood in the way of the development which had been so seriously 
delayed during the war. Kecruitment of experts to existing 
vacancies had been limited and there were still no fewer than 41 
vacancies in the Imperial Service. 

Financial considerations had made it impossible to proceed with 
the scheme for the provision of post-graduate training to qualify 
Indians for admission to the Imperial Service. A beginning had, 
however, been made in providing post-graduate traimng in 
sciences allied to agriculture, including animal husbandry 
and dairying, and a similar training for veterinary officers 
had been arranged for, as an experimental measure, at 
Muktesar. Another important development was the transfer of 
Bangalore, Wellington and Karnal dairy and cattle-breeding farms 
from the Mlitary to the Agricultural Department with a view to 
provide experimental and educational facilities. A dairy m.anager’s 
course had been started in Bangalore which would quahfy students 
for the “Indian Diploma in Dairying.” 




;| 
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Before introducing the items on the agenda, the President 
made sympathetic reference to the losses which the department 
had suffered in the deaths of Mr. Petty, Mr. Henry and Thakur 
Mahadeo Singh, all in the prime of life and of much promise. He 
desired the Board to formally express its sympathy with their 
relatives. The proposal was carried in silence, all members 
standing. 

In conclusion, the President informed the meeting that the 
Hon’ble Sir Harasimha Sarma, Mr. M. S. I). Butler, and Mr. Grantham 
had asked him to express their deep regrets at their inability to 
attend. 

After appointment of Committees to deal with the various 
subjects, the Board proceeded to the consideration of Subject I— 
To consider the progress made in giving effict to the recmnmendations 
of the Indian Cotton Committee for 1917-18 ivith special reference to 
{a) the iimk of the Central Cotta'll Committee ; (b) the recommendations 
of the Board of Agriculture of in regard to cotton mmlicting. 

Mr. Burt, Secretary of the Central Cotton Committee, on being 
invited by the President to give a short sketch of the work of the 
Committee, said that their annual report showed that the recommen- 
dations of the original Indian Cotton Committee had been amply 
justified. They had now an unique organization on which all 
sections of the cotton industry were represented. They had funds 
raised by the industry for its own improvement provided by the 
cotton cess, and had been able to start a well-balanced research 
progranune with the feeling that it was adequately financed. The 
results already achieved were due, in a very great measure, to the 
whole-hearted support of all sections of the cotton trade, Their 
policy in regard to agricultural research was to make funds available 
for special investigations and, wherever possible, to supplement 
the work of the Provincial Departments. The Technical Eesearch 
Laboratory under Prof. Turner would, they considered, be of special 
value to cotton-breeders in their work on new cottons. 


Steps were being taken to prevent the introduction of the 
boll weevil from America into India. The Government of India 
had provisionally accepted the Committee’s proposal that the 
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Pests Act slicnild be put into force, that all America,n cotton sliould 
be fumigated on arrival in India, and that Bombay should be the 
only port of landing. 

The improvement of cotton marketing was a separate subject. 
The Cotton Transport Act had been passed by the Indian 
Legislature and was now in force in practically the whole of the 
staple-growing parts of the Bombay Presidency and would soon, 
it was hoped, be brought into force in Madras and the Central 
Provinces. 

Recommendations for the regulation of gins and presses, 
embodying provisions which would enable Provincial Governments 
to introduce a system of licensing, were still before the Government 
of India, but they had every reason to expect legislation at an 
early date. When that was done, they would feel that two out- 
standing abuses which not only caused considerable inconvenience 
and annoyance to the cotton trade, but also very serious economic 
loss to the cotton-grower, would be considerably reduced. 

Dealing with the question of cotton marketing, Mr. Burt 
said that the Central Cotton Committee had practically adopted 
the recommendations of the Board. They had submitted draft 
rules, for the working of markets on lines similar to those in Berar. 
Their recommendations went further than the practice in Berar 
in that definite provision had been made that half the members 
of the market committee should be representatives of the cotton- 
growers of the area served by the market. 

Mr. Burt invited the opinion of the Board on the question 
of the publication of cotton prices. The point at issue was whether 
Bombay prices per Miandi of ginned cotton should be posted or 
whether hapas prices should be notified. A possible method would 
be to convert, not the prices of gimied cotton but the difierences, 
into terms of kapas, e.g., Rs. 5 per kJiandi m. Bombay might corre- 
spond to a rise of, say, 3 annas per niaund of in the local 

market. The ensuing discussion brought out some differences of 
opinion, but the majority were in favour of publishing lint prices 
and, at the same time, indicating the extent of the rise and fail of the 
market by the method suggested by Mr. Burt. 
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' In a discussion on the operation of the Cotton Transport Act, 
Dr. Mann said that many unforeseen difficulties had arisen. Two 
points he considered to be essential ; one was that small areas should 
= be avoided. Such areas had. caused difficulties in the Bombay 
Presidency and would probably necessitate modifications in the 
notification in the near future. Secondly, it was essential to deal with 
road transport which he considered to be the key of the situation. 

The Board then proceeded to discuss Subject 11 — The utiliza- 
tion of indigenous supplies of phosphates. 

The President said that the question had been referred to a 
jCommittee of the Board in 1917. After considering the report of the 
•Co mmi ttee that Board recorded the opinion that a survey of the 
resources of the country in mineral phosphates should be undertaken 
„by Government and that Government should . maintain control 
over all the internal mineral sources of supply. 

The supplies of phosphatic manures in India consisted of raw 
mineral rock, bones and fish manures. Nothing had so far been 
done to develop the supplies of rock phosphates. The supply of fish 
guano varied with the nature of the fishing season. Bones were, 
therefore, probably the most important phosphatic manure in 
India at present. The question of restriction on the export of 
bones had been considered by the last Board which was of opinion 
that it was doubtful whether restriction would achieve the end 
desired, but the Board had requested the Government of India to 
form a Committee to consider the question of the retention of the 
manurial resources of the country and to suggest a constructive 
policy to that end. The Committee proposed had not been 
appointed. 

Mr. Hutchinson referred to the article published by him in the 
January 1924 issue of the “ Agricultural Journal of India ” on the 
possibility of making mineral phosphates available by natural bac- 
terial processes. He did not know how far the process was applicable 
to bones, but the indications were that the process would be just as 
applicable to bones as to mineral phosphates. 

Mr. Anstead pointed out that Mr. Hutchinson’s work and their 
own had shown that indigenous phosphates could be used in India, 
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and particularly in Madras, but tlie great difficulty was the cost. 
In Madras fish guano and bone dust were being sold to &ms for 
outside export, and phosphates were being utilized for mixing with; 
other manures for export. He thought that deposits, such as the" 
important one at Trichy, should be looked upon as the property- 
of the State. In reply to a question on the extent to which export 
was depleting the supply, he said that no reliable figures were 
available. The main consideration was that the supply was 
limited. 

Other members spoke on the benefit of phosphatic dressings 
on various crops. It was finally resolved — : r; ' 

That Government be asked to give immediate effect to the recommendation of the 1922 
Board with reference to the appointment of a Committee to investigate the economic position 
of indigenous fertilizers in India, and to formulate a definite constructive policy to ensure their 
use for the benefit of the Indian ryot. 

That in the opinion of this Board, the utilization of indigenous phosphates in India would 
be facilitated by local investigation of the method of bacteriological solubilization by sulphur- 
oxidizing bacteria, and this method should, therefore, receive the particular attention of the 
expert staff of the various Agricuiturai Departments, which should, if necessary, be strengthened 
for that purpose. 

The second and tbird days were devoted to the consideration, 
by the several Committees, of the subjects with which they had 
been appointed to deal and to the drafting of their reports. 

The Board reassembled on the fourth day when the following 
resolution was unanimously adopted 

That the Board desires to express its satisfaction that so many of the recommendations of 
the Indian Cotton Committee, 1917-18, and of the Board of Agriculture, 1919, have been given 
effect to. In particular, it desires to place on record its appreciation of the support which^th^’ 
Central Cotton Committee has received from all sections of the cotton trade. The Committee 
has already achieved important results and this is due in a large measure to the serious way in 
which commercial men of standing have given their time and thought to the work of the 
Conimittee. ■ ■ 

The Board then proceeded to consider the report of the 
Committee appointed To review the progress made in non-credit 
agricultural co-operation in India and to consider ways and means of 
stimulating further progress {Subject 111). 

Dr. Mann, in presenting the report, said that the subject 
referred to was an exceedingly wide one and one that would become 
of increasing importance in the future. Hence the Committee 
had been able to deal with only one or two aspects of it. The 
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first part of tlie. report dealt with the relationship between ordinary 
agricultural propaganda and the utilization of co-operation for 
bringing that knowdedge into general use. There had been a big 
hiatus in the past between demonstration and actual practice, and 
the Co mm ittee thought that the best method of bridging the hiatus 
■was to organize bodies of cultivators into co-operative societies. 
The Committee recognized that it was in co-operation with the 
Co-operative Department and with co-operators generally that the 
extension and general adoption of agricultural improvements had 
its greatest chance. Paragraph 6 of the report went further in that it 
suggested that the staff to be utilized should be combined agricul- 
tural and co-operative ; whether the propaganda should be directed 
and controlled by the Agricultural Department or by the Co-operative 
Department was a matter on which the Committee had been 
unable to agree, and which seemed to depend on the varying 
conditions obtaining in the different provinces. 

Eeferring to the second part of the report which dealt with 
co-operative sale. Dr. Mann said that the Committee had advanced ' 
certain proved principles on which co-operative sale was most 
likely to succeed. One was that large sale units must be dealt 
■with so as to enable a society to exert a perceptible influence over the 
whole trade in a particular commodity in a given area, thereby 
securing to the society the best terms possible. Again it was 
necessary to realize that amateur management was useless in 
enterprises involving difficult commercial transactions. Co-operative 
sale was an intricate and delicate business and must be developed 
under expert professional management. Further, the Committee 
emphasized the necessity of a definite economic advantage to the 
members of the society from the beginning. Co-operative purchase, 
too, was very largely conditioned by the same considerations which 
had been mentioned in connection with co-operative sale. 

The Coimnittee had considered other foin's of non-credit co- 
operation but had not been able to make any recommendation with 
regard to them. They recommended further examination of 
the w^hole subject at the next meeting of the Board in the fight 
of the additional infoimation 'w^hich would then be available. -In 
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particular, the Committee would draw attention to> the work being 
done in the Punjab by Land Consolidation Societies. 

After a long discussion, Avhich dealt mainly with paragraph 6 of 
the Committee’s report, the President said that the divergence of views 
would seem to justify the inclusion of that paragraph in the repo 
and that on the whole the paragraph, as it stood, might be taken 
to express the Auews of the Board. The report of the Committee 
Avas adopted unanimously, as AA’as a resolution to the effect that— 

The Board recognizes the fundamental imfiortarice to agriculture of the work on consoli- 
dation of holdings that is being carried out under the influence of the Co-operative Department 
jn the Punjab, and , wishes to bring the fact prominently to the notice of Local Governments. 

The report of the Committee on Subject IV — Is it possible and 
desirable to mdhe Government farms, including experimental, cattle- 
breeding, seed and demonstration farms, pay ? — Avas introduced 
by Dr. Clouston. The subject, he said, AA^as a very important 
one inasmuch as it had been the basis of a great deal of uninformed 
criticism on the part of Provincial Councils. 

Mr. Henderson agreed that the subject was important, not only 
on account of the existing farms, but also from the fact that all 
new schemes were liable to be considered from a financial aspect 
only. This might prove a great hindrance in the many special 
investigations which had to be carried out from time to time. 

The folloAving resolution was carried unanimously : — 

This Board is of the opinion that the essential factor in the working of a Government 
agricultural station is the fulfilment of the specific object or objects for which the station Is 
established. While realizing that the station should be managed as ecoiioinically as possible, 
the Board is of oinnion that the financial aspect is of entirely secondary importance and should 
not be allowed to interfere with the object or objects of the station. 

Mr. Burt presented the Eeport of the Committee appointed to 
deal with Subject V — To consider the steps taleen to give effect to the 
recommendations of the Board of Agriculture of 1919 /or the improve- 
ment of {a) forecasts, (6) final statistics of the area and yield of crops 
in India. 

The Committee proposed the folloAAing resolutions for the 
consideration of the Board and these, after discussion, were adopted 
unanimously : — 

The Board regrets that not only have many of the recommendations of the Board of Agri- 
culture of 1919 not been given effect to, but that on the contrary reduction of statistical stafis 
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and of compilation has made the preparation of reliable crop forecasts more difficult than before. 
They desire to emphasize the importance to the country of accurate agricultural statistics and 
of proper forecasts for the major crops. 

The Board observes with regret th<it only in one province does the recommendation of the 
Board of Agriculture in 1919, that each Director of Agriculture should be pi’ovided witli a 
qualified Statistical Assistant, appear to have been adopted. They are strongly of opinion 
that the appointment of such Statistical Assistants is an absolute necessity if any real improve 
merit is to be made in forecasts. 

While ever}" effort shcuicl be made to take the fullest i>ossibIe advantage of trade statistics, 
It is not possible to obtain from such statistics the figures for the total production from which 
to calculate the standard outturn per acre. Crop-cutting experiments must remain the basis 
. of such standards. 

The standard outturns for various crops now in use have resulted from crop-cutting experi- 
ments made over a number of years, verified by such information as has been available from 
trade statistics. Changes should only he made as a result of crop-cutting experiments suffi- 
ciently numerous to possess a definite statistical value. In choosing fields, for crop-cutting 
experiments no attempt should be made to select average fields, but the selection fshould heniade 
“purely mechanically so as to give a statistically random distribution. Changes in the standard 
yield should not be made as a result of discrex?ancies brought to light by trade statistics, as 
such discrepancies occur in the product “ condition factor X standard yield,” and the fault is 
most likely to lie in the interpretation of the ]>rimary condition rei)orts. 

In the opinion of the Board of Agriculture the first step in any attempt to improve statistics 
should he to appoint a Statistical Assistant under each Director of Agriculture with an adequate 
staff for the carrying out of crop-cutting experiments on a limited scale with the object of deter- 
mining how such experiments can best be conducted for the ]>roviiice generally. The orga- 
nization subsequently required could then he determined. 

The Board of Agriculture strongly recommends that the compilation of rail-borne trade 
statistics should be revived, as these statistics provide for many crops a most important check 
on the estimates of prodiietion in addition to information essential to the study of the 
economic progress of India. 

That this Board endorses the recommendation of the Indian Cotton Committee, the Board 
of Agriculture 1919, and of the Indian Central Cotton Committee, that weekly returns from ail 
cotton pressing lactories of cotton pressed should he made compulsory as early as possible. 

That in all cotton -growing provinces a definite effort should be made to obtain a reasonable 
estimate of the amount of cotton consumed in villages, whether for hand -spinning or for domestic 
puiqjoses. This could probably be done by a detailed statistical study of the information avail- 
.ahle for individual internal trade blocks. Eoad-borne trade would also be of importance and 
tlie extent of this would necessitate special local enquiry. 



The Board then passed to a consideration of the report on 
Subject VI, the terms of reference being, To consider the recommenda- 
iions of the Sugar Cowbrnittee relating to the fiitme of the Coimbatm'e 
Sugarcane Breeding Station and to male recommendations. 

Mr. Noyce in presenting the report said that one or two points 
called for comment. In the first place the sugarcane station must 
be made an Imperial institution because they were more likely 
to get the necessary funds from the Central Government than 
from the Madras Government. The second pomt was that his 
Committee did not endorse the view that work on the evolution of 





improved varieties of cane for Upper India, which would withstand 
the indifferent usage of the ordinary cane grower, should be aban- 
doned as impracticable. His Committee thought rather that it 
should be encouraged. Conditions had changed since the report 
of the Sugar Committee had been published, and it would be 
impossible for some years to establish an All-India Sugarcane. 
Research Station. In the meantime they should take things as they 
were. Coimbatore should be made a breeding centre for the whole 
of India, and other research work connected with sugarcane should 
be left with the Provincial Departments concerned. 

Several members of the Board gave particulars of the excellent 
results which had been obtained with Coimbatore varieties in the 
provinces. The report was adopted and the following resolution 
passed unanimously — 

Th-is Board supports the recommendations of the Indian Sugar Committee that the Coim- 
batore Cane-breeding Station and the post of Sugarcane Expert should be made pemmuent 
and that the station should be transferred to Imperial control. It further recommends that 
immediate effect be given to these recommendations. It strongly supports the recommenda-: 
tion of the Sugar Committee that the scope of the station should be enlarged in order to include 
the breeding of new varieties of thick cane for Peninsular .India, Burma and Assam, and considers 
that the area and staff of the station should he increased immediately for this purpose. In the 
meantime, every effort should be made to commence work on breeding thick canes with the 
facilitife at present available. It would add that even for work on thin canes an extension of 
the present area is highly desirable. 

Mr. Fletcher then moved a further resolution to the effect 
that — • 

This Board endorses the recommendation, in paragraph 247 of the Report of the Indian 
Sugar Committee, that the staff of the Imperial Entomologist should be strengthened by the 
ap|)oiiitment of an additional Entomologist whose principal duty would he the investigation of 
cane pests. In view of the large recurring losses at present caused by borers and other cane 
posts, the Board considers it desirable that steps be taken as early as practicable to put this 
recommendation into effect. 
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Some years ago, he said, they had thought that sugarcane 
borers were of one species which could be trapped by growing maize. 
After investigation, however, he had found that there were quite 
a number of species but it was impossible for him to proceed further 
iu the investigation which, he considered, required the services 
of a whole-time officer. Unfortunately no steps had been takeu 
to appoint one. 
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On the fifth day the Board took up the discussion of the report 
on those subjects on the agenda which had been referred to the 
Cattle Conference (Subjects VII, VIII and IX). 

Subject VII was with reference to the curriculum of the Imperial 
Institute of Animal Husbandry and, Dairying at Bangalore. 
Mr. Milligan, who presented the report, said that the Conference had 
unanimously approved of the institution of an Indian Diploma of 
Dair3dng and had agreed to the curriculum drawn up by the Imperial 
Dairy Expert, but recommended that one extra subject, viz., that 
of the principles of co-operative dairying, should be taught. 

The Conference generally agreed with the programmes laid down 
for the Pusa, Bangalore, Wellington and Karnal Dairying and Cattle- 
breeding Farms {Subject VIII). 

At Bangalore it was recommended that the system of breeding 
towards Ayrshire and Holstein stock should be continued ; that a 
small pure-bred Sindhi breed be maintained ; that a small pure Jersey 
herd be built up ; and that a small herd of Murra buffaloes be kept. 

For Wellington the Conference suggested that, in addition 
to breeding towards Ayrshire and Holstein stock, a few thorough- 
bred Ayrshires should be imported and an attempt made to produce 
pedigreed Ayrshire cattle there. 

The development of a pure herd of Thar-Parkar cattle at 
Karnal on duahpurpose lines was approved, as was the crossing 
of a number of Thar-Parkars vuth European blood for experi- 
mental purposes. A small herd of pure-bred Jerseys would be 
maintained to test their ability to stand climatic conditions. It 
was further recommended that the development of the Hariana 
breed on dual-purpose lines should be undertaken. 

It waf agreed that the pure Montgomery herd at Pusa should 
be maintained and developed ; that further selective breeding 
should be done in connection with cross-crosses ; that cross- 
breeding experiments should be maintained ; and that half-bred 
Ayrshire-Saniwal cows should be sired by a first class Montgomery 
bull of milking strain with a view to maintaining the milking 
qualities of the half-bred and restoring the immunity to disease of 
the Saniwal, 



THIETEENTH MEETING OP THE BOAED OP AGEICUI.TUEE 

With reference to Subject IX— A revieiv of the steps being 
tiAien by Provincial Governments towards the improvement of 
cattle — Mr. Milligan said that they had made a very detailed 
examination of the cattle-breeding programmes of the various 
provinces and Indian States and their report was on the whole 
simply a confirmation of the programmes submitted. They 
considered most of the schemes to be on sound lines, the main 
object lieing improvement of the local breeds for dual purposes. 
But at the same time the Conference considered that nothing 
like the amount of time and money was being spent on the subject 
tl'iat it deserved. 

Before the formal moving of the adoption of the report of the 
Cattle Conference on Subjects VII, \MII and IX, three resolutions 
were proposed as follows and carried unanimously: — 

Thi5? Board wislies to empha.size the fundamental importance of the work on animal nutri- 
tirm which is heing done by tlie Imperial Physiological Cliemist. It desires to impress upon 
Local Governments and Departments of Agriculture the a bsolute neeea.sity of co-operation \-\'illi 
the Imperial Physiological Chemist in his work. 

Tills Board expresses its aiipreciation of the value of the work done by the Military Dairy 
Department in preserving and grading ii]) the Saniwal breed of milch cattle and desires to tliank 
that dejiartment for its assistance and co-operation, more especially in handing over, for tlie 
use of the cattle-breeding operations, the farms at Bangalore, Karnal and Wellington, and trusts 
that if at any future date the dispersal of any pedigree herds is contemplated the Agricultural 
Department may be given the first oUer of taking over the herds as a whole. 

The Board wishes to bring to the notice of the Government of Bihar and Orissa the value 
of the results achieved in other provinces — particularly in the Punjab and Bombay — by the 
delinition and improvement of popular types of cattle through the establishment of breeding- 
herds. The jiosition of Bihar as the chief breeding ground for cattle imported by Bengal seems to 
guarantee that similar work in that province, besides raising the value of the local cattle for 
the cultivators’ own use, would greatly increase the value of an already important and profitable 
trade. 

The Board then returned to the report of the Cattle Conference. 
The Conference had not only discussed the items referred to it 
from the agenda of the Board, but it had its own provisional 
programme in addition. The question then arose whether those 
further items, included in the report of the Conference, should be 
incorporated in the proceedings of the Board. A long discussion 
ensued, the main point at issue being a recommendation of the 
Conference with reference to the encouragement of fodder cultivation 
by means of water and revenue concessions. It was finally resolved— 

That this Board adopts the repoi't- on Subjects VII, VIII and IX of the Cattle 
Conference, 


4 
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The Board supports the fullowiiig ix^eotivra end fit ions of the Cnttle (Jonh'i’onee I) Idiat 
In lutiire ;i (Uriferenee on. sinrlla i’ Bnes and of similar eompo.situ.ii and size to tiiis be hold 
yearly at centres to be agreed upon, tlie place of meeting to be seleetod by (‘.aAi Bonletvnee 
for its succeeding meeting. The Conference further recomniends tlmt Ihe neressily 
for providing facilities to enable all otficcrs interested t(> attend this Conference be iinpivssc;d 
upon all Local Governments and Indian States. 

(2) That a Central Bureau of Animal Husbaudiy be established fit Pus.i under the control 
of the Agricultural Adviser to tlie Government of India and with the Impcnal Agriculturist as 
Secretary, and that the Secretary be given sufiicieut technical and citaicfii -..ssistance to ade- 
i|iiately dcfil with the work of this Bureau iis it develops. .1. he mfiin Junctions oi this Luicfiu to 
commence with would be: — 

(u) The collection and dissemination of information concerning cattle-breeding and 
ariiecl subjects. 

(//) To assist in the disposal of surplus pedigreed stock specially from Govea-mnent herds. 

(e) The standardizing of methods of milt: recording and breed records tu be ad(){>tci! by 
Local Governinents and Indian States. 

(d) The maintaining of general herd books of breeds, or of milch cattle as distinct trom 
specific breeds, foniid in more tb,.n one province or Stfite. 

(c) The encouragement of tlie s;ile find use of pedigreed stock. 

{/') The keeping of the cattle-breeding departments of Local Governments and Indian 
States, and those specifdly interested in scientific cattle-breeding, in toiicli with 
each otlier. 



Subject X~To review the p'ogress in the use of improved 
implements and to mahe recommendaUons — liad been referred to a 
Committee, but the Chairman expressed regret that, owing to the 
paucity of information at their disposal, his Committee had been 
unable to submit a report. It Avas ultimately resolved— 

That erery effort should be made to collect all reviews on the jirogress made along the 
i!ne.s of the terms of reference from all the provinces and Indian States and that a Bulletin 
embodying the information contained in these reviews be published by the Agricultural 
Adviser to the Government of India. 

The last Subject XI— The desirability of hringing imste lands 
under cultivation — AA^as then taken up by the full Board. The 
discussion brought out the conditions under AA^hich land Avas alloAAred 
to he waste. These Avere bad conmiunications, fragmentation of 4. 
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.-iiiil tile 'ise tjf ti'ii.etors and heavy ploughs to break-up laud vvhiek 
iiad become iiifeHted svith deep-rooted weeds. 

Before tlie proceediiig-s terminated,, the following resolution was 
adopted unanimously : — 

Tht‘ .I'HKifcl to express its grateidil tlia.iiks to His High ne.5s the Maharaja of: ?»Irsore 

h-r ihe iat<‘re.st he ]i;is [sken in its proceedings and for the hospitaiity he has been good erD',nfdi 
ti* (‘xlDiid h> it ill Ihiogalore and Mysore. It aiso desires to express to Hr. (joi'enian and the 
niiisaets « t th(‘ M>'sore Htate its high appreci.atuni of the excellence of the aiTaiigeuients jniitic 
[.„}■!• Hie nieetiiig ;)i‘ die Boa/rcb 

The President in his closing speech reyiewed the progress the 
Bouirl bad made since its inception, and paid a tribute to the yalnable 
•■issistance it liad received from the large number of exjrerieuced 
clficci'S of other departinents who had assisted at its deliberations 
fr(jm time to time. This was the last Board which lie would attend ; 
he thanked them all for the tolerance and ungrudging lielp he had 
always been accorded. 

Col. Walker, in proposing a vote of thanks to the President, 
OTshed him all success in his future career. They all appreciated 
his sterling qualities and the splendid work he had achieved in 
India. 

By the courtesy and hospitality of His Highness the Maharaja 
of Mysore, the members of the Board were given an opportunity, 
before dispersing, of visiting the capital of the State. The guests 
proceeded to Mysore by special train on the evening of the 2oth 
and every arrangement was made for their comfort during their 
visit. Among other places of interest visited on the 26th were the 
Palace, the Palace Dairy, the Silk Farm and the Krishnaraja Sa^'ar 
Works. 



IMPEOVED METHOD OP I.ITCERNE 
CULTIVATION, 11." 


4LBEET HOWARD, C.I.E., : 
Imperial Econoniic BofaniM. 


At the previous meeting of the Indian bcience Congress 
viiow, 1923) an improved method of lucerne cultivation, 
ble for alluvial soils, was described.^ This consists in growing 
Top on flat beds, two feet ^v^de, with irrigation channels, one 
wide, between the beds. These channels act as drains during 
aonsoon and help to maintain the aeration of the soil of the 
The seed is sown on the beds and in the irrigation channels, 
at the stand appears to be continuous and no bare ground is 
e. In the rains, the plants, in the trenches die out. By this 
n, high yields are obtained, the texture of the soil is preserved, 
mount of irrigation water needed is substantially reduced while 
! give little trouble. A plot, sown on October 20, 1921, 
eisrht cuts iin to July 11, 1922, at the rate of 70,000 lb. 


A paper read "before the Agricultural Sectiou, Indian Science Congress, 1924. 
^ Bulletin 150, JLgrL Res* Inst, Pusa, 1923. 
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very uniform, tliat in the trenches, which was sow-n too late, Avas 
poor. This materially reduced the total yield. The hot weather 
of 1923 was not at all severe while the rainfall was only 28-37 inches 
compared with the Pusa average of 47-5 inches. These circum- 
stances greatly favoured the crop on the ridges which, in normal 
years, dies out during the hot months of April and May. Tlie 
number of cuts was eleven and the yields are given in Table 1. 

Table I. 

The yield of lucerne on flat beds and ridges at Pusa. 


Plot 

First 

cut 

Dec. 17 
1922 

Second 

cut 

Jun. 25 
1923 

Third 

cut 

Feb. 28 
1923 

Fourth 

cut 

Ma.r. 28 
1923 

Fifth 

cut 

May 5 
1923 

Sixth 

cut 

Mav 24 
1923 

Seventh 

cut 

June 16 
1923 

Eighth 

cut 

July 12 
1923 

Ninth 

cut 

Aug. 7 
1923 

Tenth 

cut 

Sept. 7 
1923 

Eleventh 

cui 

Oct. 20 
1023 


m. s. 

ni, s. 

in. s. 

in. s. 

in. s. 

m. s. 

in. s. 

m. s. 

ni. s. 

in. s. 

ni. s. 

i' (ridges) 

10 8*5 

IS 23 

21 9 

18 13 

18 23 

15 39 

11 23 

10 5 

10 4 

7 0 

5 29 

2 (beds) 

17 27-5 

25 ^ 23 

24 31 

19 33 

21 22 

14 33 

10 10 

10 28 

.13 35' 

9 34 

3 35 

3 (ridges) 

12 35 

19 35 

•21 14 

19 26 

20 1 

15 26 

13 9 

12 28 

14 38 

9 36 

7 26 

4 (beds) 

' 20 28 

26 19 

25 17 

19 3 

17 15 

14 10 

13 19 

13 32 

17 31 

11 22-5 

6 22 

Tota;l of each 

C0T 

61 19 

90 20 

92 31 

76 35 

77 21 

60 28 

48 21 

47 13 

56 28 

38 12*5 

23 32 


Total 


ni. 
147ji0 
172 31*5 
167 3^-0 
186 18*5 


674 20 5 


It will be seen from the figures that good cuts were obtained 
from December till August after which a rapid falling off in growth 
took place. The second half of the rains is the period when the 
Pusa soil loses its permeability. The pore spaces become w-ater- 
logged and soil aeration is difficult. Although the season favoured 
the ridges and the irrigation trenches did not bear a full crop, 
the total yield of the beds exceeded that of the ridges .by 44 maunds, 
over ten per cent. 

The great advantage of the beds over the ridges lies in the saving 
of water. In the experiment, the irrigation tvater used was not 
measured directly but was determined by noting the time taken — 
the pumping engine being worked as uniformly as possible during 
each waterina-. Between October 23. 1922. and June 11. 1923, 
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tte plots were irrigated twenty-one times. Tire total time taken 
in watering both sets of beds was 40 hours 27 minutes uXile the 
corresponding ridges occupied 31 hours 49 minutes. Assuming that 
the flow was constant, the saving of water in the bed system uas 
25 per cent. 

A fiu-ther advantage of the bed system is that lucerne can 
be made to behave as a perennial in Bihar, when the fodder obtained 
in the second and third years is much more luscious than that of the 
first season. To accomplish this, the old crop must be manured 
and well cultivated in October as soon as the rains are over. 
This is done by top dressing with Chinese compost, at the rate of 
20 carts to the acre, and breaking up the soil thoroughly with vine 
hoes after which the beds and channels are re-made. A plot treated 
in this way is now in its third season and is still doing well. Another 
benefit obtained by renovating the old crop is that green fodder is 
available in November and December at a time when the supplies 
of this material are often short. Cultivation by itself is not sufficient 
to renovate old lucerne in Bihar. Organic matter is needed as well. 
A recent trial carried out at Pusa showed that the result of top 
dressing old lucerne with Chinese compost once after the rains was 
to increase the yield of the next twelve months by 70 per cent. 

In previous publications, the advantages of a supply of good 
lucerne hay in India have been emphasized. This material, as 
is well known, is an excellent fodder for all kinds of live stock 
and when pressed into bales is very valua,ble both for military 
purposes and as a famine reserve. I should like to reply to two 
criticisms which have been made to this suggestion. The first is 
that lucerne will not keep during the rains in India. Lucerne bales, 
compressed to the Army standard of 90 cubic feet to the ton, have 
been stored for^ six years on an open verandah at Pusa and the 
fodder is still palatable. Loose hay suffers no damage during the 
rains when stored in an ordinary hjausa shed. The second criticism 
is that lucerne hay cannot be made in India without loss of leaf, 
the most valuable portion of the fodder. Lxcellcnt haj is made 
in the ordinary routine at Pusa at all times of the year except 
during the monsoon and no loss of leaf takes place even in the driest 
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weather. Such, damage is easily avoided if the fodder is always 
handled when it is slightly damp with the morning dew. It is 
possible that the difficulties encountered in making lucerne hay 
may be due to want of skill on the part of the labour employed. 
If so, this can easily be remedied by importing, for training purposes, 
a few intelligent cultivators from the tobacco tracts of North Bihar. 
Here the people are accustomed in tobacco curing to handle, without 
breakage, a very brittle product. It is much easier to make good 
lucerne hay than it is to cure tobacco. 

Two things are necessary before lucerne can be introduced 
into the rural economy of the country— good demonstration work 
and a reliable supply of seed of a suitable variety. To initiate the 
demonstration work, it is suggested that every Govermnent farm 
should maintain a well-managed plot of lucerne for the use of its 
work cattle. The seed supply is a more difficult matter as in many 
places lucerne does not seed well. Preliminary experiments, 
Pfl.rried out bv Mr. Ilabonto Banerii, M.Sc., a Research Student 


THE SUN-DRIED POONA FIG. 


BY _ 

G. S. CHEBMA, M.Sc., 

HoHicdturist to the Government of Bombay ; 

AND 

S. R. GANDHI, B.Ag., 

Bombay Agrimltwal 

The growing of figs in Western India is almost a speciality of 
the Poona'" District. But, in as much as they mil not carry far in 
good condition, the cultivation, for which the tract ^is very suitable, 
cannot expand beyond a very small area. At the same time, the 
Bombay Presidency alone imports nearly five lakhs of pounds of 
dried figs from abroad each year, cliiefly from the Persian Gulf, 

Afghanistan and Greece. The best among these figs are sold at 
R. 1-8 per pound in the months of August and September in the 
Bombay market, but if the Poona figs can be dried satisfactorily 
and put on the market, they can be sold at ten annas a pound and 
still yield a handsome profit, and will be in great demand, especially 
from June to September, when there is a scarcity of foreign figs. 

In any case dried figs have a world market. I he principal 
exporting centres before the war were Turkey (by far the largest), 
Italy, Greece and Algeria, while the large consuming countries 
were the United Kingdom, the United States of America, Austria- 
Hungary, France and Russia. To capture the foreign market is 
perhaps a far distant goal, but it is certainly well worth wlule to see 
whether good diied figs can be economically produced suitable for 
the Indian market. If this were found possible, the present area of 
figs in the Poona District (1,064 acres) would soon rapidly increase 
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The Poona fig is a mediunirsized, bell -shaped, light purple- 
coloured fig and is, in good samples, nearly six inches in circum- 
ference at the broadest end. The stalk is long and the apex fiat. 
The skin is thin, ridged, slightly downy, and is easily removable. 
The pulp is rosy red- The seeds are soft and without a kernel. 
The average weight of the fresh fruit is one and a half ounces. 
On analysis, in the chemical laboratories of the Bombay Agricul- 
tural Department, the fresh fruit gave the following figures : — 


Per cent. 

5 Moisture . . . . . . • • 75*0 

Reducing sugars .. .. .. •* 

Non-reducing sugars . . . . . . 2*1 

Total stJGAE .. .. •• 17- 3 

The completely dried fig gave the following additional data on 


analysis : — 

Per cent. 

Ash .. 

3*2 

Ether extract 

0*7 

Protekls . . . . ♦ • 

4-7 

Digesti ble carbohydrates 

89-3 

Woody fibre . . 

21 


The dried figs which we have been able to prepare from these 
fruits are not so sweet and aromatic as the first grade Smyrna fig, 
but their size, colour and the softness of the meat are very attrac- 
tive. Their market quality is at least as good as that of any dried 
figs available in the local market, and is probably superior to all. 
On analysis they gave the following figures, compared with those of 
foreign figs available : — • 


Pei*sian lig, 
Persian lig, {San 
Afghanistan fig 
Grecian fig 


1914 


46-30 
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The process ol flrying and curing figs ditTers sol.ie^vjlat in 
different countries, Jargoly on account of tlie differences in tlie 
cultivated figs themselves. They are extensively dried in Turkey 
in Asia. Greece, Italy, Trance, Spain, Portugal and Egypt and inoxe 
vecentlv in California. In Asia Minor and Greece, figs are only 
sun-dried on drying flo.irs. In Italy, figs are split lengthwise, 
dried in the sun, dipped for a moment in boiling water, winch is 
then drained off. In France they are exposed to the sun as in 
Turkey, and then after two or three days’ exposure, they are 
sweated for forty-eight hours in boxes and again finally dried in 
the sun. In California fresh figs are treated with burning sulphui 
fumes. Salting of fresh or half dried figs is also regarded as an 
important operation in many centres, but its use with the loona 
figs has not, in our experience, increased the market value. 

A series of experiments with the drying of the Poona fig has 
led to the following process as suitable to them. 


Well 


ri 


ipened figs are carefully picked. Careful pickin 


■g IS 


issential. The contents of figs subject to careless picking always 
ooze out while drying, and attract ants and flies during the drying 
process. Fresh fruits are then spread in single layers and exposed 
to moist sulphur fumes in a closed wooden box. The exposure to 
moist sulphur fumes bleaches the fruits and makes them semi- 
transparent. The fumigation, too, checks the growth of micro- 
which would otherwise spoil the fruits during the curing 
The sinpfiest method of fumigating with sulphui- fumes 
s to ignite flowers of sulphur below perforated trays, which aie 
ide to slide one above the other on cleats nailed to the sides of 
m ordinary closed wooden box. The lowest tray, which is at 
east eighteen inches above the bottom of the box, is moistened 
'ith water and "does not contain any figs. 

Numerous experiments with various modifications of the 
treatment lead to the conclusion that twenty to tliirty minutes’ 
‘xposure to sulphur fumes is essential to get tasteful produce. 
Longer exposure, however, encourages acidity which is undesirable, 
f the figs are not sulphured, the final colour is dark and unattractive, 
ind a preliminary dipping in boihng water containing salt gave nc 
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advantage, for tliougli the taste was good, yet the final colour was 
not very attractive and the figs took a little longer to dry. 

Immediately after sulphuring in the . manner described, the figs 
are exposed to the sun, in open trays and turned over daily in order 
to get the fruit evenly dried and semi-transparent in appearance. 
If this operation is neglected, the bright appearance of the dried 
fruit is lost. 

The months of April and May seem to be the best for drying 
figs in the sun, as there is then no fear of rain. Five days are 
needed for completing the drying properly, and the figs, if v.'cll 
dried, are pliable and semi-transparent, and are reduced to a little 
less than one-third the original weight. The moisture contents 
of the dried figs range between 17 and 22| per cent. 

Before drying is completed, figs are pulled flat as evenly and 
neatly as possible to economize packing space and to iiT.prove 
the market appearance. Neatly pulled figs take a circular shape 
with their eyes in the centre on one side and the stall on the other. 
If these instructions are carefully observed, a product much superior 
to the commonly obtainable foreign figs can be put in the market. 
There is, in fact, great scope for developing a fig-drying industry 
in the Bombay Presidency. 

As this industry does not require any capital outlay, at any 
rate wdien conducted by the small cultivators who norv grow figs, 
it can be easily taken up by tlie villagers as a cottage industry, 
particularly when the price of fresh figs is ^-eiy low, as is usually 
the case in the month of May and the first half of June each year. 
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A LAND MOETGAGE BANK.=^ 


: BY . 

RICHAED BURN, LC.S., 

Board of Revenue, United Provinces. 

In 1913 a financiar crisis in Northern India led to the closing 
of several ordinary joint-stock banks. The liquidation proceedings 
showed that the conduct of their business had differed from that 
of an English or Scottish bank, in that a considerable proportion 
of the funds available from deposits at call or for a short fixed term 
had been lent on the security of land or buildings. As a result 
of the shock those banks which survived became more chary of 
placing money on mortgage, and when the Great War began in 
1914 credit was still further curtailed. Persons in Northern India 
who wish to borrow money on the security of land experience far 
more difficulty in obtaining loans than they did ten years ago. 
There is a clear opening for a banlc which would provide specially 
for this class of business while safe-guarding itself against the 
factors which make it dangerous for an ordinary bank to lock up 
money in mortgages. 

Simply "stated, the problem is to attract money on long term 
deposit, to arrange for accurate and inexpensive verification of 
title and security, and to ensure that money raised is completely 
and continuously invested, so as to bring in a return. These 
requirements had been satisfactorily met many years before the war 


Reprinted from Ind. Jaur. Eco., IV, 2. 
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by tlie Nobles’ Goveminent Land Bank in Rassiad K more recent 
experiment is the system begun in the United States of America 
under the authority of the Federal Farm , Loan Act passed on 17th 
July, 1916A The essential feature of both institutions is that 
money is borrowed on long term bonds and lent on mortgage at 
a higher rate of interest, the difference being usually one per cent. 
From the margin are met expenses of management. In Russia 
where the bank was a Government institution any further profits 
gained were applied to the reduction of debt. In the United 
States the banks must carry to reserve 25 per cent, of net earnings 
each half year until the reserve amounts to 20 per cent, of the 
outstanding capital. Subsequently only 5 per cent, need be so 
allotted, and the balance is available for distribution to share- 
holders. 

As the xUnericaii system was devised after careful study of the 
n-orldng of banks of this tj^pe in various European countries, a more 
detailed description is needed. The preamble of the Act includes 
among the objects of legislation the provision of capital for agricul- 
tural development, the creation of standard forms of investment 
based on farm mortgage, and the equalization of rates of interest 
based on farm loans. Two distinct classes of institutions have been 
formed : the Federal Land Banks which provide for the needs of the 
small landowner, and have some elements of co-operative principles, 
and the Joint-stock Land Banks which have larger transactions, 
and work more nearly on ordinary banking lines. Control over 
the administration of the Act is vested in a council of five, known 
as the Federal Farm Loan Board, which is attached to the Depart- 
ment of the Treasury at Washington, the Secretary to the Treasury 
being ex-officin Chairman of the Board. The remaining four 
members, who are whole-time salaried officials, are appointed 
by the President. In selecting them he is limited by the proviso 
that not more than two shall be chosen from one political party. 

^ A full account of this is given at page 77 of the Monthly Bulhthi of Economic and 
Social Intelligence for September 1914. 

^ Described at page G89, The Economist, 21st April, 1917. An account of the working 
during the first two or three years was reprinted from The Economist at page 100 of the 
AgrL Jour. India^ XV, I, 
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For tlie purposes of tlie Act the whole area of the United 
(States vras divided into twelve districts. A Federal Land Bank was 
constituted for each district, and, if necessary, branch banks will be 
formed within the same area. Joint-stock Land Banks, how'ever, 
are incorporated in a State, a,nd their operations are limited to that 
State and one adjacent State. The working of the Federal Land 
Banks depends on the formation of Xational Farm Loan Associa- 
tions. An association may be formed of ten or more persons. 
Each member must be possessed, or about to become the owner, 
of land suitable as security for an advance. Loans by a Federal 
Land Biinlc are made only to members of an association and on the 
recommendation of the association. They must be used only for 
specific purposes such as purchase of new land, of stock, or of 
fertilizers. A borrower must hold stock in the local association 
equal to 5 per cent, of the loan applied for, but provision is made 
to enable the member to obtain from the Federal Land Bank the 
necessary cash to purchase this stock. A loan must not be for less 
than |100 or for more than 110,000. Its term must lie between 
5 and 40 years, and its amomit may not exceed 50 per cent, of the 
land mortgaged plus 20 per cent, of the value of permanent improve- 
ments. Loans made by a Joint-stock Land Bank are not limited 
in amount, but are subject to approval by the directors of the bank 
and by the Federal Farm Loan Board. 

For each Federal Land Bank a capital of $750,000, in shares 
of $5 each, was fixed. For 30 days subscription lists were open to 
the public. Any capital not taken up privately was subscribed 
by Government. Shares owned by individuals or corporations 
rank for dividend, while those standing in the name of Government 
receive nothing. On the other hand, each share held by Govern- 
ment or by -a Farm Loan Association carries a vote, and private 
shareholders have no voice in the administration. The Farm Loan 
Associations have gradually taken over the Government shares, 
as when a loan was made the association had to subscribe a sum 
equal to 5 per cent, of the loan to the stock of the bank. This 
gradual acquisition of capital carried with it an extension of popular 
control over the working of the bank. At the outset management 



of a Ira-nk wati entrusted to five directors selected by tiie Fedei'ai 
Farm Ltjaii Board from residents in the district. When tlie stoelc, 
owned Iry National Farm Loan Associations in a Federal Land 
Bcmk amounted to $109,00(3, the number of director's was increased 
to nine, six of these being chosen by directors of the associations 
and three continuing to be appointed by tbe Board. Each director 
irnist have been resident in his district for at least two years and, 
if the Federal Farm Loan Board approves, may be paid for liis 
services. 

Joint-stock Land Baidcs have a freer constitution. Shni-e- 
holders have votes and the chief restriction is that business may 
not begin until a capital of $250,000 has been suljscribed. of 
which at least half must be paid up. When that stage is reached 
a charter wdll be given by the Federal Farm Loan Board. 

Further funds for providing loans are obtained by the issue 
*0f bonds for which the mortgages already taken form collateral 
security. These bonds are in denominations of |25, $50, $100, 
$500 and |l,0p0, in series of not less than $50,000. They are for 
specified miniuium and maximum periods, subject to retirement 
at the option of the Bank. They can be issued only with the 
authority of the Federal Farm Loan Board, and the issue is regu- 
lated by a Farm Loan Eegistrar appointed in each district. A 
Joint-stoek Bank cannot issue any bonds until its entire capital 
is paid up. The total issue of bonds by a bank at any time is 
limited to 20 times the capital in the case of Federal Land Banks 
and to 15 times in the case of Joint-stock Land Banks. There 
are simple provisions for increasing the original capital and thus 
providing for the issue of fresh bonds, when the original borrowing 
powers are exhausted. Both classes of banks may receive deposits 
of pubhc money, subject to the approval of the Secretary of the 
Treasury. As Government funds may not be invested in farm loan 
bonds or farm mortgages, such deposits do not add to the resources 
of the bank. No other deposits of current funds payable on demand 
may be received except from a bank’s own stock-holders. 

Bonds were at first issued bearing interest at. 4|- per cent., 
but later it was found necessary to raise this to 5 per cent. On 
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loan* the rata- of intocst mast not e=co*rf the “‘AA-aeVt- 
latest issue of bonds by mote than one pet cent, f , 

nil- of the twelve Federal Banks are secured by the joint liabdit} 
of all IveL. A Joint-stock Land Bank is liable only for its own 
bonds Although the State is intimately concerned with contio 
alAmsionot undertakes no liabthty. It has been held by the 
Sunreme Court, however, that the bonds are instrumentalities 
of the Government. It is not clear what general effect this ru ing 
has except that it declares the bonds free of all taxation except 
inheritance taxes. While the constitution of Natmna Farm 
Associations and their relations to the Federal Land Banks ave 
some affinity to the case of primary credit societies ami disti 
banks in the Indian co-operative system, an important 
must be noted. It is expressly provided by the Act that the 
liabilitv of a shareholder in an association for contracts, debts anc ^ 
engagements of that association is limited to the extent of stock 
hefd by him at par value in addition to the amount paid in and 

represented by his share. ^ * 

The new system has been immensely popular. Within two or 

three years from the commencement of the Act the Federal Lane 
Banks'had lent more than |160,000,000 while the Joint-stock Land 
Banks had issued about |50,000,000. Public issues, winch were 

arranged through ordinary financial houses, were taken up almost 

immediately. In Eussia it was the practice to make over the bonds 
to the borrower who disposed of them as he pleased.^ ^ 

In suggesting the organization of Land Banks in India regaid 
must be had to a number of factors, which differ from those affecting 
the problem in other countries. First among these is the question 
of the title of the landowner. The needs of the cultivator in 
zemindari provinces or in the ryotwari provinces of western and 
southern India may be excluded. These can best be supplied in 
present circumstance by co-operative credit societies, or by the 
Government system of taqavi. In several provinces moreover 
the cultivator has no saleable interest, and cannot legally encumber 
his holding. Laws of inheritance, the aibsence of a compulsory 
system of registration of marriages, births, adoptions (except the 
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taluqdars of Oudli) and deaths combine to throw frequent doubts 
on the security of title, while the lack of restraint on champertous 
suits gives opportunities which wealthy blackmailers have readily 
taken. In the United Provinces there are few large estates the title 
to which has not been challenged once at least since the establish- 
ment of British rule. Such difficulties of verification do not exist 
in America. In Eussia branches of the Nobles’ Bank were frequently 
under the same management as the corresponding branches of the 
Peasants’ Bank, the work being done chiefly by functionaries of 
the latter. It is significant that in England solicitors who are in 
touch with local conditions are the chief agents in collecting and 
placing money invested in mortgages. 

Another salient feature of the position in India is that the 
demand for money secured on land is not chiefly dictated by useful 
aims such as those for which loans are limited under the American 
Act. It is true that money is often borrowed for the purchase of 
fresh land, but far greater debts have accumulated through litiga- 
tion, mismanagement, general extravagance, and misfortunes due 
to bad seasons which had not been provided against or promptly 
repaired. Borrowing for remunerative improvements or for 
increasing stock is still inconsiderable, though Grovermnent is already 
willing to lend money for such purposes at rates which are probably 
as low as a Land Bank could offer. These considerations are so real 
that when a scheme for a Land Mortgage Bank was discussed by 
some astute landowners a few years ago, they contemplated asking 
that the owners of heavily indebted estates should entrust the 
management to their association during the subsistence of a mort- 
gage. Such an arrangement would not suit a solvent landowner 
who vdshed to borrow for purchase of new land. 

It is obvious that neither type of the American Banks is directly 
suited to Indian -conditions.* A bank on the lines of a Federal 
Land Bank could not deal cheaply and efficiehtly with applications 
for small loans for improvement or purchase of stock, such as could 
be obtained from Government under the Land Improvement Act. 


^ I refer more particularly in the following remarks to the United Provinces, with which 
I am most familiar* 
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\ii otfiriai .iNrtAitivc stafi is already available to make prelmmiaiy 
euouiries into title aud eMiumbranees, to inspeet the progress of t he 
ivolk (or ivhich au advanee is required, so that instalments oi the 
loan me not diverted to other objeets. and finally to « 
repamuent. There would be considerable objections to allowiii a 
|,imk to make use of the services of the district eneoutive stall 
owing to the danger of friction, delay and lack of “ 

Govenunent could not give any guarantees to tlie bank. Unle _ 
the banks can provide money more cheaply than the money- en er 
and promptly they cannot be a financial success, aard 
is dewloped by the existing Government system the banks nould 
not have enough to do. Loans for purchase of new land are not 
immediately likely to supply the deficit. The science of agronomics 
is still too little known to have stimulated men of, the land-ownin^^ 
class Purchases are generally made from hoarded capital, or- by 
the money-lending classes. At the present stage oi co-operatnm 
development little help is likely to be obtained from co-operative 
credit societies. To be of assistance they would need knowledge 
and authority, but both these would be lacking. If loans were 
strictly limited to useful purposes, such as the purchase of land an 
improvements, more assistance could, however, be obtained from t e 
landowners’ associations which are establishing a certain position, 
though their activities have not yet proceeded in this direction. 
The operations of the Agricultural Department, and the diffusion of 
education have had an effect on the land-owning classes, and the 
provision of cheap capital would undoubtedly tend to facilitate the 
transfer of land to more capable hands than those from which it is 
slipping. Recent settlement reports in the United Provinces 
indicate that in spite of many transfers the land-owning castes are 
maintaining^ their aggregate holdings. Special enquiries under- 
taken by Government a few years ago showed that mismanagement 
and indebtedness were less serious than had been popularly believed. 

While the establishment of Joint-stock Land Banks, though 
desirable, would be a doubtful experiment at present, there is an 
opening for such a bank with a specially limited scope, which would 
test the market for investment and help to familiarize the idea, 
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Its charter should be framed so as to enable it to extend its opera- 
tion when its success has justified this. The bank proposed would, 
in the first instance, be limited to lending money to the Gom-t of 
Wards in a single province. A bank coastituted for a group of 
provinces would have a wider field for the collection of capital, 
but difficulties would arise when operations jire extended and loans 
begin to be made to landowners whose estates are not under the 
management of the Court of Wards. 

The powers and functions of the Court of Wards are regulated 
by Acts of the Provi?icial Legislature and vary from province to 
province. In the United Provinces the administration is vested 
in the Court of Wards (which at present is the Board of Revenue) 
subject to the general control of Government. If an estate falls 
into the hands of certain classes of proprietors, management may be 
assumed, if there is good reason to believe that management by the 
proprietor would not be successful. Estates in this category are 
chiefly those belonging to females or minors. A major owner who 
declares himself incompetent to manage his own affairs may apply to 
the Court of Wards to administer his estate. Lastly, it is open to 
Government to direct a formal enquiry into the indebtedness of an 
estate, and if it is found that the interest on the debt exceeds a 
certain proportion of the net income of the estate, to authorize 
management by the Court of Wards whether the owner desires it 
or not. In deciding whether an estate should be taken under 
management various factors are considered. While the disintegra- 
tion of a large estate invariably causes distress to the tenants it is 
not advisable to interfere in every case. It is clearly right to 
preserve an ancient name when there is a young heir who may 
be trained to bear it more wisely than his predecessor. On the 
other hand, it may be found, when application is made, or when 
enquiries are directed, that debts cannot be paid in full except by 
tedious liquidation and the sale of almost the whole of a property. 
The Court of Wards is naturally reluctant to assume the function 
of a liquidator in bankruptcy proceedings. The fact remains 
that a considerable number of the estates managed by the Court of 
Wards in the United Provinces are burdened with debt. During 
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i by siicli 0stat6S lias never 

roaclied 2|- crores. Only a 
incurred for productive 
dead weigB.t to be slowly 
an estate is taken over it is 
lyable on its debts is higher 
of Wards can borrow on 
nent. Old debts at high 
loans. Before 1913 
vest some of their 
when the total debt 


the last 15 years the aggregate debt oweci 
been less than 1| crores and it has appi 
eulnparatively small portion has been 
purposes and the balance has been a < 
reduced by careful management. When i 
usually found that the rate of interest pa 
than the rate at which the Court c 
behalf of estates under its managen 
interest are therefore paid ofi by 
ordinary joint-stock banks were glad 

resources in this way. In one particular year l nf 

approached two crores the percentage held by difierent classes of 

creditors was as follows:— _ 

(1) Jomt-stock banks • . • • 93 

(2) Government • • • • "to 

(3) Solvent estates under management • • 

(4) Educational and similar endoivments • • 12 

(5) Miscellaneous 
Both figures for 

unusually large. As a 
clear estates from debt, 

made innnediately before the year taken t 
1913 the proportion lent by jointrStock banks 
reduced, and at times the Court c- 

obtaining single large sums. _ , , v 

It has been suggested above that the business of lending money 

to estates under Court of Wards management is safer than lending 
on mortgage to an ordinary landowner. Joint-stock banks used 
to give to the Court of Wards better terms than they offered to the 
puWic It is well known that although the Court of Wards gave 
no guarantee, no losses were incurred. For the improvement of the 
security there are in fact special reasons. Chapter IV of the U. r. 
Court of Wards Act {IV of 1912) lays down a definite procedure for 
ascertaining the indebtedness of an estate. The date of assumption 
of charge is notified publicly. Claims against the estate which are 
not nreferred within six months of that date are extinguished. The 


Government and miscellaneous creditors were 
rule Government does not lend money to 
ery exceptional loans had been 
s an example. Since 
has been considerably 
of Wards has had difficulty in 
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claims are enquired iuto by the district officer before admission 
by the Court of Wards. Thus a bank is saved tedious a,nd expensive 
enquiries into title and encumbrances. After admission of a debt 
the district officer may reduce the amount of interest payable 
on it for a period not exceeding two years, during which the Court 
of Wards has time to raise a fresh loan at leisure. Wheii the 
preliminary enquiries show that an estate is involved to sucli an 
extent that little or nothing can be saved, a fresh debt is not inciuj-ed 
and the estate is released, so that there is practically no danger 
of a bad debt. There arc also certain restrictions on the discretion 
of the Court of Wards which increase the security of the creditor. 
Priority is ensured for the liquidation of debts on the estates over 
all other classes of expenditure except charges necessary for mainten- 
ance and education, for management and supervision and for 
public demands or sums payable to a superior proprietor. When 
steps have once been taken for the hquidation of debts and liabilities, 
and liquidation is not yet complete, the Court of Wards may not 
rehnquish charge without previously obtaining the sanction of 
Government. If a dispute arises about succession, the Court of 
Wards can institute an interpleader suit or arrange for arbitration. 
All these provisions unite to make the safety of a loan secured 
by mortgage on an estate under Court of Wards management as 
strong as is conceivable without a Government guarantee. 
Difficulties which have arisen in the last 8 or 9 years are due, not 
to any deterioration in the security, but to the realization in India 
of the principle always follow-ed in England and Scotland, that banks 
accepting deposits at call must be chary of locking up money in 
mortgages. 

There is every reason to believe that the bonds would have a 
ready market. Indian war loans have proved attractive to a degree 
which had never been anticipated. Provincial loans in Bombay 
and the United Provinces have also attracted investors. Shares and 
bonds in the proposed bank woidd have the tangible security of 
mortgages. A joint-stock bank could take up such bonds without 
embarrassment, as they would be readily saleable and divisible. 
They would be considered attractive by insurance companies. 
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Co-<«r«tiv» oedit societies at present place idle money m fad 
dZts in joint-stock banks. If a sudden emergency faces them 
to ivithdrarv this money before dne time they fae ‘'"5' “ 
nhkh has accrued. Soluent estates under the nranagement of 
Court of Wards are hampered by the rigid, but necessary, 
tions on the manner in which their surplus funds may e inves e 
‘i,:; cannot deposit money in ordinary banks, ad -a^^- 
balances which lie idle until a suitable mortgage can be arranged 

“it'taieXie OTggasld that legislation should be undertaken 
to enable baii'S on a provincial basis to be chaiterd “ 
estates luider Court of Wards management. It would be ob y 
the Court of Wards, in a province or which such a 

ted. to apply to the hank m the first mstace. ih „ 
a loan would of course be at the disoretion of the bank ho 
restriction would be made as to the purpose of the lom. for rt . 
already been shown that the bulk of the money would to n^d 
fa repayment of debt aheady incurred. A capital of five la 
would suffice at first, with pmvWon fa issue ot bonds when W 
B all used, up to a marimum of one orore. It should be posable 
to increase the capital when that became necessary. The 
provision regarding formation of a reserve m the case of ledexa^ 
Lnd Banks should he followed. Bonds should be issued tkough 
the Imperial Bank of India and should bear interest at a rate one 
ner cent lower than the rate at which loans are made. It won d 
L nnnecessary for the hank to handle any cash except lor salaries 
and expenses of the head office if Government would make two 
concessions. Estates under Coiu-t of Wards management at present 
with Government treaBiiiies. It is a simple extension o 
allow treasuries to receive subscriptions for capital or bonds and 
instalments of principal repaid, and to make interest on shams 

payable at treasuries. Ibe directorate should molude one 
Govenunent representative, but otherwise should be elected by the 

w hile it is suggested that the bank should at hxst lend only to 
of Waids estates, it is desirable to take power to extend 
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its operations, wlien a suitable reserve has been accumulated, to 
landowners who desire to purchase fresh land or make iraprovementa. 
It would no doubt be preferable to constitute a separate bank 
for this purpose. But, while a small genuine demand has already 
arisen, it is not sufficiently large to justify the formation of a separate 
institution. On the other hand, if the possibility of an extension 
to include this class of business is contemplated, it should be clearly 
before subscribers to the Court of Wards Bank from the outset. 
It has been explained above that the smaller needs of landowners 
are already provided more cheaply by the Government agency 
for grant of loans than could be done by a private bank, but it is 
permissible to look forward to a time when land banks working 
perhaps with co-operative district banks Avill relieve Government 
officials of this business also. I expressly refrain from discussion 
here of a bank with power to lend money to indebted proprietors 
whose estates are not under management to enable them to get free 
from debt. Such a scheme would probably include the grant 
of powers to the bank to acquire a usufructuary mortgage of the 
estate and to arrange for its management. 




OF THE NUMB BE, OF BOLL LOCULI IN 
COTTON.* 


SYDNEY OllOSS HARLAND, D.So., F.L.b., 
The British Cotton Industry Research Association. 


The iiilieritaiice of characters of division, or meristic cliarac- 
ters. such as the number of loculi into which a capsule is divided, 
has so far received little attention from genetic workers, though 
Batesoni i^as called attention to their interest. Such scanty results 
as have been obtained may be briefly alluded to. Hildebrand, ^ 
working \vith 3-fold and 4-fold leaflets of Oxalis latifolia, found the 
3-fold draracter imperfectly dominant, the leaves being 3-fold with 
the exception of an occasional 4-fold leaf which appeared at the 
flowering period. In the tomato, Price and Drinkard^ found that 
the bilocular condition of the fi'uit was dominant to the plurilocular, 
though no observations on subsequent generations seem to have 
been published. A few data on the inheritance of the number of 
carpels in flowers of Bryonia dioica were obtained by Jones and 
Rayner,* who concluded that the proportion of two-carpellary to 
three-carpellary flowers, as evidenced by the number of stigma 
lobes, and of placentae in the ovary of the flower, could be interpreted 
by assuming the co-operation of two factors. 

The only case where the inheritance of a meristic character 
seemed to have been clearly demonstrated — reduction of the number 


lhQmJour.Text.hiat.,XlV,12, 

MendeVs Princi’phB of Heredity^ Cambridge, 1913, 
d, Jena. Zdtscli, Nattirwiss,, 1889, 23, None Folge 16, 
Drinkard. Virginia Agric. Mxp. Sta. Bull H7, 1908. 

[ Rayner, J. Genetics, 1916, 203-221 



INHEEITANOE OB' THE NXJMBEB OP BOLL LOCULI IX COTTOX 297 

of phalanges in the hands of human beings — has been shown not to 
be a true nieristic character. 

In Gossypium, the boll is divided into 2-6 loculi. On a single 
plant there may be a mixture of bolls with different loculi number, 
or all the bolls may be of one number. The following combinations 
have been seen : (a) 2 and 3 ; (6) 3 and 4; (c) 3, 4 and 5 , and doubt- 
less other combinations are possible. 

In a pure line, the proportion of bolls of different numbers 
is constant from year to year. Poor environmental conditions tend 
to depress the mean loculus number ; thus a strain which produces 
normally 60 per cent, of 4-locked bolls and 40 per cent, of 3-locked 
bolls will have the percentage of 4’s reduced very considerably 
under any conditions which tend to dwarf the plant, such as poor 
soil or lack of water. The large number of different types of distri- 
bution of loculus number in cotton make this plant ,a very suitable 
subject for experiment. 

Previous work ox the inheritance of loculus 
NUMBER in cotton. 

The only accurate observations on this subject are those of 
Balls,^ who studied the mode of inheritance of this character in 
hybrids between Egyptian and American cottons, and also in crosses 
between different strains of Egyptian. He states : — 

“ A cross between an Upland with its mean at 4‘3 and an 
Egyptian with a mean at 3*0 produced an intermediate Ej with 
the formula 4-1. In Eg this family gave a range of 3-0 to 4-7 
with modes at 3'2, 3-6, 4-1, 4-4, and possibly elsewhere. In E3 

a 4'8 bred true to 4'8 and a 3'1 bred true to 3’2 

On the other hand, 3-3 broke up into a scatter from 3-1 to 3-7 as 
did also a 3’ 6. A 3’9 plant appeared to breed true round a mean 
of 4'1, wliile a 3’8 scattered from 3’9 to 3'3. Similarly a 4-0 scattered 
from 3'9 to 3‘2 and so on. On the data available, it seemed clear 
that parental forms could be extracted and bred true, while the 


^ Balls. Cotton Plant in Pgypt > London, 1919. 
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are shown in Table 1, together wdth the usual biometric data. The 
conclusions to be drawn from this table may be set out as 
follows : — 

(i) The means of the families are practically the same 
( 3 ' 2 ) and, although intermediate, he closer to the 
mean of the lower parent. 

{ii) The variability of the Fj families, as shown by the values 
for standard deviation and coefficient of variability, is 
less than that of the more variable parent. 

(;iii) The means of the F 2 families are close to those of Fj, 
while the standard deviations show that the F 2 
varies considerably more than either of the two 
parents or the Fj. The range of Fo is from 3-0 to 
3 ‘ 8 , thus embracing the complete range of both 
parents. 

{iv) Only 13 F 3 families were giwn, but the results of these 
throw some light on the mode of inheritance of loculus 
number. 

The behaviour of the Fg families may be smnmarized thus : — 


Behaviour of famiiy 


Three families bred true. 

Two families bred true. 

Probably heterozygous (two families), and segregating into medium and low. 

Evidence exists of a homozygous form at 3-3. 

Of two families, one is apparently heterozygous with range 3'i to 3'() tind the 
other is true to 3T. 

One family, si>rcad from 3T to 3*5 with a mode at 3*3, 

One family, spread from 3*2 to 3*5 with a mode at 3*3. 

One family behaved like the and spread from 3*0 to 3*8 with a mode at 3*2. 


The small number of F 3 families does not enable any hypothesis 
to be put forward as to the inheritance of boll loculi in the Inter-Sea 
Island crosses just described, though it is clear that there would 
be no insuperable difficulties in the way of a factorial interpretation 
of the results, provided that the crosses were analysed for a sufficient 
number of generations. 
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2. The - Gross, St. Vincent Native (S-ti) by Upl&nd (4-2). 

Tlie results of this cross '(Table II) show similar features to 
those of the Sea-Island crosses just discussed. The Fj is inter- 
mediate, and exactly at the arithmetic mean of the parents. The 
F 2 ranges from 3-2 to 5'0, thus showing the phenomenon of transi- 
gressive inheritance, with modes at 3-6 -(lower tparent), 4-0 (Fj) and 
4-5. The mean of the Fg is 4-0, near to Fj. 

3. The Gross, St. Croix Native by Uflmid (4-2). 

The results are presented in Table III and are comparable with 
those of the St. Vincent Cross just discussed. The F^ is again 
at the arithmetic mean of the parents, and the mean of the F 2 is 
near that of Fj. The phenomenon of transgressive inlieritance is 
again shown though not so clearly as in the last cross. 

4. The Gross, Canto (3'0) by V'pland (4‘2). 

The cross is interesting since it is between the two extreme 
limits of mean loculus number. The Fj is intermediate, though 
this time the mean is nearer to that of the higher parent (Table III). 
The F 2 shows a wide scatter, and exceeds the upper limit of the 
Upland parent in six plants. 

General conclusions. 

From the standpoint of pure genetics the series of results 
presented in tliis paper are disappointing, though they are, perhaps, 
the most complete of any wliich deal with the inheritance of a 
meristic character. Exact knowledge of the mode of inheritance 
of boll loculi is carried scarcely any further than the point at which 
it was abandoned by Balls^, but a survey of his results and those 
presented above will show clearly that 

(i) Meristic characters are inherited, and there is strong 
evidence that the results ai:e capable of being inter- 
preted on a factorial basis. 


^ .B-ciEs. Goiton Plant m Egypt, Londoa, 1919. 
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omis can be synthesised out (intermediate values) 
iiinlvsivl out fhislier or lower values). 



THE IRRIGATION OF SUGARCANE IN HAWAII * 


(Concluded from Vol. XIX, Pt. 2, v. 195.) 

Conservation of loatefr {prevention of losses from source to furrow) 
and soil moisture studies. It soon became obvious that to prevent 
serious loss in transport considerable attention would have to be 
paid to the water channels. Losses may occur in surface run-off, 
water and soil evaporation, leakage, seepage and deep percolation 
beyond the range of roots at different stages of growth. Such 
losses may occur in reservoirs or in transporting or delivering 
channels, and as far as these are permanent may be prevented or 
largely reduced. Owing to the large volumes of water dealt with 
and the great distances over which they have to travel, together 
with the porous nature of much of the Hawaiian soil, it became 
evident that some form of waterproofing of the channels was 
necessary f and that the channels should be kept in constant repair. 
A great deal of attention has been devoted in Hawaii to this vital 
matter in irrigation. The following appear to be the chief lining 
materials which have found favour from time to time, smoothness 
of lining surface being essential to pass the current quickly and 
thus to speed up the work and prevent undue evaporation. 
Flumes with wooden sides are specially liable to get out of order 
because of the material used, and a case is given where mere over- 
hauling of the transporting flume resulted in increasing the water 
delivered by 18’55 per cent. The other lining materials mentioned 
by the author are cement or concrete reinforced by chicken wire 
(wire netting), concrete, precast concrete slabs, and .rock or stone 
blocks. A number of details are given regarding the behaviour 
of all of these, and the matured opinions of a number of leading 

* Reprinted from Jown, XXV, p. 465, 

t The writer of this review has met with a case where it was attempted to irrigate cane 
fields by an unlined channel some twelve miles long from a large reservoir. The loss of water 
by evaporation and seepage was found to be 95 per cent, before it reached the fields, 
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expensive settling tanks liave liad to be inserted at intervals on one 
plantation. Pre-'cast concrete slabs installed by Penliallow have 
met with approval on all hands (Figs. 5 and 6). These were des- 
cribed in onr former articled' and although somewhat costly in the 
first instance are generally considered to have solved the problem 
of ditch lining. Cut stone or rock set in mortar is only used for 
excessively steep gradients, so as to Avithstand the great wear and 
tear. This material has proved satisfactory in such places, but it 
is found difficult to construct the channel so that the lining is 
perfectly impervious. 

The level ditches cannot be lined, and the average loss by 
seepage has been estimated by Baldwin at the Maui Agricultural 
Company’s Plantation at 22 ‘6 per cent. The remedy suggested 
is to avoid all small irrigations, e.g., 1-2 men’s irrigation on successive 
days should be replaced by 4-6 men’s in one day only, thus lessening 
seepage and evaporation. A case is given when, because of water 
shortage, a large gang replaced 4-3 smaller ones for a time ; the 


Fig. S. Setting concrete slabs in place in flowing ditch. 


^ InL Sugar Jour *9 XXV,‘i;ip. 18L 
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The irrigation- or sriGARCANrK is Hawaii 

becomes regulated as soon as the leaves close over the gi-ound and 
through the natural mulch of self -stripping canes while the humidity 
of the Hawaiian climate acts as an additional check ; (3) transpira- 
tion, but this serves a useful purpose, though weeds also transpire 
and clean weeding is therefore desirable (the author does not 
mention the quantity also taken up by the crop itself) ; (4) deep 
percolation, which is of most importance, that is the passage of the 
water below the root zone. He points out that the amount of water 
which the soil can hold varies with the texture, and gives the 
figures for the surface of the united particles of the three main 
types; the particle surface in an acre‘-foot of clay soil being 16,000 
acres, in loam 10,600 and in sandy soil 3,250. Cane roots seldom 
reach below 4-5 ft., therefore all the water supplied should remain 
at that depth. 

At Waipio sub-station (ordinary loam) the water movements 
were traced to 6 ft. from the surface, under 2 in., 6 in. and 9 in. 
•irrigations. With the first it was found that 3 per cent, passed 
the 6 ft. hne, with 6 in. the figure was 47 per cent., and with 9 in. 
65 per cent. Under Waipio conditions it was determined that the 
upper 6 ft. of the soil could not retain more than 4|- in., and it was 
therefore concluded that if more than this amount of water is 
applied the excess passes away and is lost. The soil moisture 
studies by the author agree with these figures. These studies were 
carried out between ikugust 1921 and April 1922 on three areas 
on Bwa plantation diSering in soil and slope of land ; each soil 
moisture determination used w'as the result of three separate read- 
ings. The results are summarized on three charts with graphs 
representing the percentage of soil moistiue each week at a series of 
different depths down to 5 or 6 ft. He found that the soils on the 
estate were saturated with a moisture content of 30 per cent., and 
any irrigation beyond this point was therefore wasted. Wilting 
(indicated by a slight curling of the leaf) occurred in warm weather 
when the soil moistiue fell to 21 per cent, and slightly lower in 
the winter, and he therefore arbitrarily fixed on 25-28 per cent, 
as the point when irrigation is needed ; soils with this amount of 
moisture still retain the “ good feel ” well known to experienced 
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iixigators. His data showed practically no upward capillary 
movement, drying out always proceeding downwards. During 
cold weather when growth and evaporation are at a minimum, 
sufficient soil moisture is retained for as long as three months at a 
time with comparatively slight rainfall, and irrigation is not needed, 
if indeed it is not harmful ; but on the advent of warm weather 
the soil commences to dry very rapidly. Thus the soil moisture 
conditions vary with the season. Provided that drainage is 
adequate, it is probable that one year old cane can do with a far 
greater amount of water during the warm weather than is usually 
given. He concludes that it is not practicable to regulate irrigation 
practice by soil moisture measurements. Por this to be effected 
on a large field, with its soil variations, composite samples are of 
little value, and the multiplicity of measurements which would be 
needed would be extremely cumbersome. Besides this there is 
another practical difficulty in a large field. Supposing that irriga- 
tion is commenced when the soil moisture is found to be 24 per cent., 
the irrigation work is too slow a process to prevent some parts 
of the field from suffermg severely from lack of water. One cannot 
irrigate a lOO-acre field in a day. The use then of soil moisture 
determinations is confined to check proper distribution and for 
purely research work. ' In actual practice, the accumulated 
experience of years of irrigating gives the overseer a kind of intuition 
to when irrigation is needed ; true, he probably errs on the 
side of over-irrigating, but he does not allow the leaves to show 
any signs of wilting and can afford a certain margin in keeping the 
plants fully employed in healthy growth, and he may be trusted 
not to waste any material amount of water. 

In the remaining sections the author is much more concise, 
and it is chiefly in these that a more generous treatment would have 
been welcomed by outside readers, inasmuch as they are perhaps 
of more general interest to sugar planters. Considerations of the 
length of the thesis have doubtless had their influence in this 
curtailment. 

Natmvilly, the time element in irrigation is of great importance 
where the labour shortage is so severely felt as it is in Hawaii. 
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The points considered in this section are whether irrigation of the 
furrows shordd commence at the upper or lower end of the water- 
course, the vohmie of water used per man, the effect of stripping 
and of weeding and the age of the cane, and, lastly, the personal 
element in the labour, whether depending on nationality or the 
previous training of the irrigator. Notes are recorded of results 
obtained in the year preceding the publication of the thesis, the 
two-way Ewa standard system being employed throughout. 

(1) As regards the direction upwards or downwards along 
the watercourse, a main point to be considered is the consolidation 
of the soil along the watercourse as irrigation proceeds, with a 
correlated increasing rapidity of flow and reduction of seepage. 
The conclusion amved at appears to be that an alternate irrigation 
upwards and downwards gives satisfactory results. 

(2) The volume of water used per man depends on the perme- 
ability of the soil, the character of the cane, and the care taken in 
previous irrigations of preserving the contours of the channel. 
Taking a considerable slope and perfectly level land as extremes, 
flows between 0'3 second-feet and 0’75 are considered most useful ; 
and if anything like the latter quantity is used for land sloping 
much, the watercourses are ruined and all economical irrigation 
comes to an end. With soft ridges between the furrows, however, 
a 50 per cent, reduction would be imperative for at least the first 
six months. In young canes the channels will be comparatively 
unobstructed and 0-5 second-feet should not be exceeded, but when 
the weight of cane approaches 75 tons to the acre this might be 
increased to I'O second-feet, and when there is more cane on the 
land than this to TS. 

(3) Proper stripping of the cane is the mark of a good irrigator, 
who will arrange the dead leaves in small bundles on the side for use 
as 'panis or temporary dams to regulate the flow when needed. 
There is, however, a tendency to neglect the stream while engaged 
in stripping, and to pull off the leaves before they are ready for 
detachment from the plant. It is fomid that there is usually time 
for the treatment of one side of the watercourse during each irriga- 
tion, the opposite side being left to the next watering "some three 
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weeks later. In case fcHs is not attended to and the stripping falls 
a couple of months in arrear, a separate operation will become 
necessary. 

(4) Weeding must never be allowed to cause neglect of the 
irrigating stream. Slowing the current behind the weeder-, which is 
sometimes done, has its . disadvantages ; waste of water will occur 
through seepage and evaporation, and there is danger that the weeds 
when pulled out may be covered with earth and then wetted, when 
they will soon sprout again. It is better to allow them to wilt 
thoroughly before irrigation succeeds weeding. 

(5) The age of the cane is, of course, of very obvious influence. 
At four months an irrigator may cover 1-5 acres in a day, while 
at 12 months the same man will only be able to deal with TO acre, 
and at 18 months 0'7. 

(6) The class of labour is a vital matter, as it is impossible 
to supervise, especially in old cane, on a large scale. It is important 
to interest the irrigator in his work, for instance, by paying a bonus 
on yield at harvest. But here nationality comes in ; such an 
arrangement will cause a Japanese to put in the best possible work, 
but the Filipino is not gifted with a two-year vision, and the 
results will not be known for something like that period of time. 
Bad habits once indulged in are very difficult to eradicate, so that 
it is all-important to thoroughly train the irrigator at the start* 
when he can be kept under observation. It is the custom to keep 
the same man at one watercourse, and with a little intelligence 
he will soon gauge its peculiarities and know the wet and dry places 
in its length, and be able to treat them accordingly. ’ 

The water pumped up from artesian sources in Hawaii is often 
more or less brackish, and sometimes markedly so ; and the 
effect of saline irrigation of the sugarcane has from the first naturally 
attracted much' attention. As is well known, the first effect of 
such irrigation is a paling of the leaves of the cane ; with increasing 
quantities of salt, the leaves becoihe yellow and growth is stunted, 
and ultimately the leaves become chlorotic and the plant dies 
outright. Paradoxical as it may seem at first sight, the main 
remedy is to increase the volume of water given, so as to prevent 
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aisasprouB, uomi as regaras growtin ana tne cnaracter ot tHe juice. 

Various more or less detached observations and experiments 
are detailed by the author, those by Maxwell and Eckart being the 
most fully dealt with. These can only be lightly referred to here. 
According to MaxAvelFs observations the danger limit may be 
considered to be reached when the water contains 0-14 per cent, 
of salt in solution or 100 grains to the gallon. Eckart observed that 
saline water renders available from the soil large quantities of lime, 
magnesia and potash, and points out that, in consequence of this, 
with the excessive irrigation required when the water is brackish, 
there is likely to be enormous leaching out and loss of these valuable 
constituents. For such excessive irrigation to be of use in prevent- 
ing the accumulation of salt in the upper layers of soil through 
evaporation, it is necessary for the soil to be porous and drainage 
to be easy and good. A case is given of an estate with good drainage, 
which has been watered by salt water for the past 25 years without 
any ill effects on the cane or increase in the saline constituents 
of the soil. But when drainage is at ail difficult, it soon becomes 
impossible to use brackish water. Then only temporary relief can 
be obtained. A mulch of trash, paper, soil, or sand may be added 
to reduce evaporation to its lowest limit, or the uppermost |-f 
inches of soil may be bodily removed ; such treatment as the 
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The conservation of soil moisture is still more shortly dealt 
with, less than a page being devoted to it. Three practical methods 
are referred to : namely, the incorporation of orpmc matter wrth 
the soil to increase its absorptive power, covering the soil with 
various mulches to reduce evaporation, and the introduction ol 
agricultural practices to prevent the soil drying out. The incorpora- 
tion of trash is universally condemned in Hawaii and in this matter 
the experience appears to difier from that in many other sugar- 
growing countries, and we cannot avoid the suspicion that this 
view may be partly influenced by the results obtained in the United 
States, where of course the high temperatures of the tropics are 
absent and the consequent rapid disintegration of this valuable 
substance is retarded. A more detailed treatment of this subject 
would therefore have been welcomed. It is, for instance, mentioned 
that undeconiposed vegetable matter in the soil is not only useless 
but positively deleterious and Rothamsted results are given in 
support of this contention. The use of trash as a mulch under 
irrigation is not extensively practised in Hawaii, the disadvantages 
being that it covei-s the young cane and prevents" the rapid flow 
in the water channels ; heavy cane, it is noted, provides its own 
mulch in six months when it covers the ground. The only agricul- 
tural practice mentioned is that of planting the cane immediately 
after making the furrows, the soil not having time to dry out if 
irrigation does not soon follow. 

The application of nitrate of soda and ammonium sulphate 
in the irrigation water is now a general agricultural practice in the 
islands, and the method adopted is shown in a figure. For the 
purpose foul' barrels are used. Of these one is placed somewhere 
near the chamxel and is used thoroughly to dissolve the materials, 
say 100 lb. to barrel ; two are placed on a staging, one at each 
side of the chamiel so that they may be alternately used to keep 
the actual supplying barrel with liquid of a fixed concentration. 
This last barrel is immediately over the water channel and is only of 

the height of the others (i.e., a half barrel), and the main object 
of this simple apparatus is that the filhng of this fourth barrel is so 
arranged that the level of the liquid in it is always kept constant. 
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so that the flow from it to the irrigating stream ig unvarying in the 
amount of fertilizer added per unit of time. The side barrels 
can be filled alternately from the mixing barrel without difiiculty, 
one being filled while the other is emptying itself. A series of results 
obtained by observations and experiments are summarized, as in the 
foregoing sections, on the two pages devoted to the subject, from 
which it appears that the leaching out of nitrate of soda, which 
is not retained by the soil, does not appear to be as great in Hawaii 
as was at one time supposed. 

The paper concludes with a series of Tables in which detailed 
results are recorded where such are available from the papers and 
experiments referred to. 

C. A. B. 
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REPORT OF THE FOURTH ALL-INDIA EGG-LAYiBU iiuai. 

The fourth of these competitions took place in the Lucknow 
Model Poultry Farm under the auspices of the United Provinces 
Poultry Association. 

A record numbej* of' entries were received from overseas, 25 
from prominent Australian breeders and an e(][ual number from 
Great Britain’s leading utility men. 

Unfortunately the Australian birds failed to catch a suitable 
steamer and their entries have been held over for next cold season 
when Ave hope to welcome them here. Altogether 62 birds competed, 
and we had a clean bill of health throughout the test which reflects 
great credit on the officers who were responsible at the farm itself. 

The birds Avere fed this year on a shghtly different ration to 
preAuous years’ as Ave were able to procure fishmeal from the Govern- 
ment fisheries, Madras, and due partly to this fact and doubtless 
due also to the increasing high producing qualities of birds sent to the 
test, a very high average of large eggs was gathered, i.e., 3,830 from 
62 birds as against 3,592 from 72 birds last year. 

The test as far as the Governor’s Gup goes, which is given 
for the highest total of eggs irrespective of weight, was won by 
Mr. F. E. Welch, Dowles Poultry Farm, BeAvdley, England, by his 
pullet No. 41 laying the extraordinary total of 84 eggs in 92 days. 
We believe this to be a world record for winter laying, and if so, 
this will be a sensational achievement. The eggs were, alas, just 
under standard Aveight, i.e., If oz., but the pullet Avas a nicely groAvn 
bird and we tried our best to get the larger egg out of her. 

The next and in fact the finest record of the test Avas Mr. Leslie 
WilHams’ White Wyandotte pullet No. 45 laying 69‘8 eggs. She 
was a little gem, and many is the demonstration lectm-e we have 
given our students at the farm on this hen. We score-carded her 
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with man}'' others on Powell Owen’s card before the test and she 
score-carded very high, getting 176 out of a possible 200. She also 
is a typical Wyandotte and lays 2|-2-| oz. egg every time. Mrs. 
Seed’s Wyandottes also were of first class quality. Mrs. Grain’s 
Australorps are a nice team and won well. Twenty-one Australorps 
competed, but Mrs. Grain’s ran away from them all and, with the 
exception of one, all laid good standard eggs. Owing to this hen 
Mrs. Grain lost the Dewar Team Cup which went to Mr. Bradbury, 
England. 

Very few Rhode Island Reds competed and this is a pity 
as the breed is equal to any other for winter laying. The U. P. 
Poultry Association pullet No. 76 bred on the farm and owned by 
Capt. Ansell, who has gone to Burma, put up a record of 65 eggs, 
laying only one second grade egg during the test. 

The following is a full detailed list of the record of each hen 


Owner 


Australorps Farm, ^ 
litd., England 


Stanley S t r e e t [ 
Porter, England | 

Misses Ransford, | 
England ) 


Major Dugdale, 
England 


F. E. Welch,! 

England j 


Leslie Wiiliams,J 
England 


Breed 


Austral Orpington 

■■ 99 

99 99 

White Leghorn 
» * » 

„ Wyandotte 

>.<1 jj 

White Leghorn 

,'99 99 ' 

White Leghorn 
Light Sussex 
Light Sussex 

■ ' jj ' 

>> 

White Wyandotte 





. Remarks 


Gross 

Total 

to 

score 

The awards were based on the 

Pen 

total 

number of first and second 

No, 

eggs 

grade eggs and 20 per cent. 


laid 

of second grade were cut 
from the score. 




. 

26 . 

■ ■:27 
28' 

29 

30 

31 

32 

33 

34 

21 

44 

41 

41,.. 

44 

22 

63 

61 

66 

61 

21-0 

41-8 

41-0 

40;2 

40-2 

19*4 

50-2 

49-2 

61*2. 
58*8 ; 

[ These birds laid large eggs 

1 but took a long time to lay, 

1 being in too fat a condition 
(on arrival. 

Did a partial moult. 

i These two were a little Im- 
1 mature or would . have done 

I better. 

35 

■■ 25 

24*4 


36 ; 

46 . 

45*2 


37 

53 

52*8 


39 

41 

34*2 


40 

! ■ 52--: 

: 44-2 

1' ,v’\ ■ , — . 

41 

84 

67-2 

Governor’s? Cup and Best 
Consecutive Layer. 

42 

37 

36-8 

43 

44 

45 

64 

22 

70 

58*6 

22*0 

69*8 

Broody. 

Overseas Cup and Best Heavy 
Breed Layer. 

46 

14 

11*2 

Moulted. 
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Gross 

_ y Pen 

total 

Breed 

eggs 

laid 


PvEMARKS 

The awards wei’e based on the 
number of first and second 
grade eggs and 20 per cent, 
of second grade were cut 
from the score. 




Capt. Greenway, J 
England 1 , 

W. Bradbii ry. | 

England ] 


Grain, Rani- 
khet 


Capt. M a y o, ) 
Nahan ] 


K I. Red 

White Leghorn 
■ »<> »» 
Light Sussex 

j» ?» 

Anstnil Orpington 

White Leghorn 


Arrived sick. 


40’0 '[ 

61 *6 I Best Team of Birds. Ino. oU 
fl.n-O 1 Best Light Breed Layer. 


66-6 Best Layer from India, Best 
59-0 Austraiorp Breed Layer, 

45*4 and Best Poultry Club 

48*2 Layer. 


Mrs. Richardson, 
Nahan 


Austral Orifington 


[ These birds were over fat 
and had been forced on too 
much beforehand. 



English Ponlirj’ 
Farm, Karachi 


E. C a s t o n , 
Gorakhpore J 


A. G. Bullraore; 
Madras 


Austral Orpington 


Austml Orpington 
Austral Orpington 

99 99 

White Leghorn 


K a 1 a w Poultry 
Farm, Burma 


R. 1. Red 


U. P. Poultry Association 
stock special 


Mrs. Gardew, 
Bareilly 

Mr. Burnside, 
Ghazipoie 


Raja of Mursan, 

U. P. 


White Orpington 

9t tJ 

Cross-breed 

99 99 

99 99 

Light Sussex 

99 99 

Rose Combed Bl. 


Best Indian Owned. 


Mrs. Seed, 
England 


White Wyandotte 

99 99 


All birds laying over 50 first grade eggs have been awarded a special certificate. 
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List op Special I?rize Winners. 

1. The Governor’s Cup presented by His Excellency the 
Governor, U. P., won by a Light Sussex pullet with a score of 84 
eggs in 92 days, owned by Mr. F. E. Welch, England. 

2. Best layer from overseas, Cup presented by the Stewards of 
Lucknow Races, won by a White Wyandotte pullet with a score of 
69 4/5 eggs, all over standard weight, owned by Mr. Leslie Williams, 
England. 

3. Best layer from India, presented by the Stewards of 
Lucknow Races, won by a Black Australorp pullet with 66 3/5 eggs, 
all standard weight, belonging to Mrs. Grain, Ranikhet. 

4. Best team of birds. Cup presented by the Right Hon’ble 
Lord Dewar, won by four pullets owned by Mr. Bradbury, with 
220-6 eggs. 

5. Cup for the best layer bred or purchased from the U. P. 
Poultry Association farm. Cup presented by the U. P. Poultry 
Association, won by a Rhode Island Red pullet, with 64 4/5 standard 
weight eggs, owned by Capt. Ansell, Kalaw Poultry Farm, Kalaw, 
Burma. 

6. Cup for the best layer heavy breed, presented by the 
Raja of Mursan, won by the same as No. 2. 

7. Cup for the best layer light breed, presented by Messrs. 
Perry & Co., Lucknow, won by Mr. Bradbury’s White Leghorn pullet. 

8. Best layer owned by an Indian resident of the United 
Provinces, won by Raja of Mursan’s Light Sussex pullet. 

9. Best consecutive layer, presented by the U. P. Poultry 
Association, won by the same as No. 1 laying 26 eggs consecutively. 

10. Best layer belonging to a member of the Indian Poultry 
Club, presented by the Indian Poultry Club, won by Mrs. Grain’s 
Australorp puUet. 

11. Best layer Australorp breed, presented by the Austral 
Orpington Club, England, owned by a Club member, won by 
Mrs. Grain, Ranikhet. [Mrs. A. K. Fawkes.] 
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mulled * and the sheath is quite prominent, while the udder is as 
well developed as in jnany milch cows, the teats also being fairly 
large. Female genital organs are entirely absent. [H. A. Idnani.] 

*** 

RESEARCH FACILITIES FOR STUDENTS AT ROTHAMSTED. 

We have received the following from the Director of the 
Eothamsted Experimental Station 

1 wish to bring to your notice the facilities offered by the 
Eothamsted Experimental Station in respect of the research degrees 
of Cambridge and London Universities, and I would be much 
obliged if, in future, post-graduate workers, scholarship holders, 
etc., could have these facilities brought to their notice. We would 
like to reach not only those who have attended agricultural colleges, 
but also workers in pure science, as many investigations not directly 
connected mth agriculture can be profitably pursued in an agricul- 
tural environment. 

The Station comprises laboratories in which research work 
in the following subjects may be done Physics with physical- 
chemistry, chemistry, insecticides and fungicides, fermentation, 
botany, bacteriology, protozoology, mycology, algology, entomo- 
logy, statistics, technique of field experiments. 

The Station does not investigate problems outside the study of 
soil and the growing plant in health and disease; i.e., no work is 
done on plant breeding, animal nutrition, agricultural economics, 
etc. The laboratories have been completely rebuilt within the 
past 10 yeats, and the library containing books on agriculture and 
agricultural scieiice is acknowledged to be one of the most complete 
in the world. The permanent scientific staff numbers about 40, 
and at the moment there are 7 post-graduate workers, scholarship 
holders, etc., conducting research work for the higher degrees 
mentioned in the enclosed circular. 

No personal fees or charges are made to voluntary workers in 
respect of the use of facilities and the supervision of their work 

* Mulling is a method of castration by beating between the boards, pi’a.otised by iinquali- 
hed Indian ^astrators. 
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Eesearoh Degrees oe Cambridge and London 
Universities. 

The Umoersity of Cmnbridye is prepared to give favourable 
cousideration to each individual case of applicants who desire to 
carry out at Rothamsted a portion of their work for the following 
Degrees — M.Sc., Pli.D. 

The University of London has accepted the Rothamsted 
Experimental Station as a “Recognized Institution” from which 
research workers may submit work done at Rothamsted for the 

following degrees M.Sc., Ph.D., D.Sc. 

A brief precis of the most important conditions that must 
be fulfilled by candidates is given below for general guidance. 

Intending workers at Rothamsted are strongly advised in the 
first instance to send a full account of their acadeniic qualifications 
and training to the Director, as the candidate will be allowed to 
enter his thesis only if these qualifications are acceptable to the 
University Senate. 

The general conditions imposed by the University regulations 
are briefly : — 

(1) Cambridge. These degrees are granted in full to men 
only; under certain limitations the titles of degrees 
are open to women without the privileges which the 
degree confers in the University. 

M.Sc. A minimum residence of five terms at Cambridge 
and one at Rothamsted. Thesis to be presented not 
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than twelfth term from term of admission as a research 
student. In special cases permission may be sought 
to preseiit the thesis after the sixth term. 

Note. ---Tliree consecutive terms ut Oiimbridge constitute a year. 

{'c) London. These degrees are open to men and women 
on equal terms. 

M.Sc. and Fh.D. A minimum residence of two calendar 
years at Rothamsted before submission of the thesis. 

D.Be. Normally the candidate must first hold the M.Sc. 
degree of the University, but in special cases, on the 
ground of published work, this regulation may on 
application be waived. A residence of two years at 
Rothamsted is required. 

A student must ordinarily have taken his first degree not less 
than four years before the date of his entry for the 
D.Sc. examination. 

Note. — In the case of students Degistering in October the two-year period may be 
regarded as ending in tiie June of the second year. 

In the case of workers already holding a first degree of London 

University, they may enter as external students for higher 

degrees without any requirements as to residence. 

POST-GRADUATE TRAINING AT THE PUSA INSTITUTE. 

In a Press Communique issued on the 22nd June, 1923, the 
Government of India announced the institution of post-graduate 
courses for specialists in certain subjects at the Agricultural Research 
Institute and College, Pusa, and stated that these courses would 
be confined to distinguished graduates of Universities or xigricul- 
tural Colleges and also to students who- had. undergone training in 
agriculture and its allied branches in British Universities or in one 
of the recognized Agricultural Colleges and who possessed suitable 
qualifications. They have now decided to throw these courses opeii 
also to selected officers of the Provincial Agricultural Service 
provided they are fully qualified to take advantage of them and are 



THE WORLD’S WHEAT POSITION. 

The Ivarv-ests of autumn 1922 were very poor in the importing 
countries of the world, and especially on the Continent of Europe ; 
and yet, owing no doubt to the general impoverishment and the 
depreciation in the currencies of most European countries, Europe 
imported net during the cereal year ending with July 31st, 1923, 
only about the same quantity of wheat which she" imported in 
the previous year, namely, 69 million quarters. (Before the w^ar, 
when Russia was exporting wheat, Europe’s net demand from 
abroad averaged only 36 million quarters.) Putting together the 
statistics for all the importing countries of the world, their net 
import during the last cereal year was 87 milhon quarters, as 
compared with 84 in the previous year, and with the pre-war average 
net import of 82. 

Harvests better this year. The harvests of this axitumn have 
been very much better than those of last year, and (including rough 
estimates for the coming harvests of the Southern Hemisphere and 
India) the prospects are that during the current cereal year ending 
with July 31st, 1924, the yield of all the countries, both importing 
and exporting, for which statistics were available (not including 
Russia), xvill be 430 million quarters, as compared with 388 last year, 
and with the pre-war average of 372. For the countries of Europe, 
both importing and exporting (excluding Russia), the total yield 
during the harvest just ended has been 160 million quarters, as 




KOTES 

compared witli 130 last year, and with 169 before the war; so that 
if Europe required for consumption during the current cereal 
year only the same total quantity of wheat as she consumed last 
year, she would have to import 30 million quarters less this year 
than she did last year. Britain, however, which is the chief 
importer, does not seem likely to reduce her demand for foreign 
wheat (estimated at 28 million quarters), and, owing to the better 
harvests on the Continent and the fall in prices, several of 
the Continental countries may increase their consumption. After 
allowing for the special circumstances of each country, I estimate 
that the net demand of Europe from abroad during the current 
year will be only 53 million quarters, as compared with the 69 
million quarters she actually imported from abroad during the last 
cereal year. Allo-wing 19 million quarters as the total demaud 
of the importing countries outside Europe, I reckon the total 
demand of all the importing countries in the world as likely to be 
80 milhon quarters, as compared with the 87 million actually 
imported last year. 

The exporting countries of the world (excluding Russia) have 
also had a considerably better yield than they had last year, and are 
likely to have available for export, during the current cereal year 
ending with July 1924, a total surplus of 132 million quarters, 
including the 24 million quarters of exportable surplus they carried 
over on August 1st last. If these estimates turn out to be correct, 
then on August 1st next the exporting countries of the world are 
likely still to have in their hands about 52 million quarters of 
exportable old wheat — enough in itself to meet the probable 
demand of the importing countries for seven months without 
drawing on the produce of the harvests to be reaped after August 1st 


Further fall in prices 'predicted. During the last twelve months 
the growing prospect of an accumulation of exportable wheat 
has led to a considerable fall in the world price of wheat, and the 
average price at Liverpool of foreign wheat is at present about 14 
per cent, below what it was twelve months ago, but is still 18 per 
cent, above what it was on the average for 1913. In England 



no longer find it profitable to grow wlieat, except on lann 
suited for that crop. This state of things must tend to a further 
reduction in the area sown with wheat in this countrj . 

; , No likelihood of scarcity Jor tivo years. The probable gradual 
increase in the world’s surplus of exportable wheat, for which 
market cannot be found at present prices and the consequent 
competition between the five principal exporting countries, all of 
which have considerable surpluses to dispose of, must tend to a 
further fall in the world’s price of wheat in the near future. Such a 
fall would in its turn tend to a reduction in the area sown with 
wheat ; but, so far, except in Great Britain and perhaps in the 
United States, the indications are that the area under wheat next 
harvest will be larger than this year and unless the weather proves 
very unfavourable for the world as a whole, there is no likelihood 

of a scarcity of wheat during the next two years. 

British Empire more than self-supporting. Before the war 
the British Empire was not self-sufficient as regards wheat— the 
net imports having on the average of five years exceeded the net 
exports by some 6 million quarters ; biit in each of the last three 
cereal years its net exports have exceeded its net imports, and last 
year the three" exporting countries of the Empire (Canada, Australia 
•anrl Tnfbfl.f n.f.tnallv exnorted 15 million Quarters more than were 
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large enough to supply all the importing countries of the Mjiipire 
with more than double the quantity of wheat they will re([uire to 
import — the estimated suiq:>lus available for export being 69 million 
quarters, while the total imports of the importing countries of the 
Empire are not likely to exceed 33 million quarters. It seems 
practically certain that for many years to come the Empire will 
grow much more wheat than it itself requires, and will have a 
large surplus to spare for export to foreign countries. Probably 
it is also more than self-sufficient as regards barley, oats, rice and 
potatoes. [Sir James Wilson in Empire Production, and Export, 
Eo. 89.] 

* 

RESTRICTIONS ON IMPORT OF PLANTS FROM INDIA 
INTO ENGLAND, WALES AND IRELAND. 

The following notification, dated 29th February, 1924, has 
been issued by the Government of India in the Department of 
Education, Health and Lands : — • 

Under the recent Destructive Insects and Pests (Jrders made 
by the Agricultural Departments of England, Northern Ireland 
and the Irish Free State, the importation from India into England, 
Wales and Ireland of any of the plants mentioned in Appendix I is 
permitted in accordance with the following regulations. 

Each consignment should be accompanied by Dvo cojiies of a 
certificate in the form prescribed (Appendix II) issued after inspec- 
tion, not more than 14 days prior to the date of shipment, by a duly 
authorized official of the country of export, to the effect that the 
consignment is healthy and free from the plant diseases, insects 
and pests named in the second schedule (reproduced in Appendix 
III) to the Orders mentioned. Plants will not be deemed to be 
healthy which are attacked by any insect or pest mentioned in 
Appendix IV. One copy of the certificate should, be produced 
to the Customs officer at the port of entry j except in the case of 
consignments imported through the post when the copy shoidd be 
affixed to each package, and the other copy forwarded by the 
imp orter to the consignee. The original of the certificate should 
be forwarded by post, before the plants are despatched, by the 
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exporter to oae of the undemientioned addresses according to the 

destination of the consignment. 

Engla^id mid Wales. The Horticulture Division of the Mimstry 
of Agriculture and Fisheries, Whitehall Place, London. 

Irish Free Stale. The Secretary, Department of Agriculture 
and Technical Instruction for Ireland, Upper Merrion Street, 

Dublin. 

Northern Ireland. Minister of Agriculture, Northern Ireland, 
Belfast. 

The import into the Irish Free State of potatoes, other than 
potatoes landed before the 15th of July in the year in which they 
were lifted and gooseberry or currant bushes, is. not permitted . 
without a license previously obtained by the consignee. Exporters 
are, therefore, advised to assure themselves that these licenses 
have been procured before forwarding such consignments. 

A consignment of imported plants which is not accompanied 
by certificates in the prescribed form vull be detained before delivery 
pending inspection, and disinfection if necessary, .by an officer 
deputed for the purpose, the charge for whose services and all 
incidental expenditure will be defrayed by the importer. 

2. In the interests of exporters in this country facilities for 
the grant of the prescribed certificates have been provided in the 
provinces and Indian States noted below, and the arrangements 
adopted by them are published for general infoiniation. 

Madras. Consignments should be sent to the Agricultural 
College, Coimbatore, whence after examination they will be sent 
to any desired port in the Madras Presidency for export. No 
charge will be made for actual examination and grant of certificates, 
but all incidental expenses, such as carriage and cost of repacking 
after examination, will be defrayed by the persons applying for the 
certificates. 

Bmibay. Consignments should be sent to the Agricultural 
College, Poona, where inspection and certification will be made free 
of cost, provided that all incidental charges arc borne by the 
exporters. 
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Pimjah. Consignments siould be sent to tlie Agiiciiltural 
(Jollege. Lvall])ui-, for neeessary examination and certification. 

Burma. Persons desirous of exporting plants from Rangoon 
sliould apph' to the Assistant Botanist, Hmawbi, who will grant 
the recpiired certificates after suitable examination of consignments. 

Central Provinces. Exporters will be required to present 
plants foi' inspection by a Deputy Director of Agriculture in the 
jnovince. or: by the Economic Botanist, Nagpur, who nill be autho- 
rised to issue the necessary certificates. 

Mjjsore. Ooirsignments shorrld be seirt to the office of the 
Director of Agriculture, Mysore, where the necessary certificates 
will be signed by the Director on the basis of air examination made 
by competent mycological and entomological officers. No charges, 
other than incidental charges, will be imposed at present. 

Travancore. Consignments should be sent to the office of the 
Director of Agriculture and Fisheries, Quilon, whence after examina- 
tion they may be sent to any desired port for despatch. No charge 
will be made for examination and grant of certificates, brrt all 
incidental expenses sirch as carriage and cost of re-packing after 
examination will be defrayed by the persons applying for the 
certificates. 

Suitable facilities for examination and the issue of the pres- 
cribed certificates are not available in other parts of British India 
arid in the other Indian (States. 

Appendix L 

(rt) All living plants with a persistent woody stem above ground, 
and parts of the same, except seeds, when for use in propagation- 
such as fruit trees, stocks and stools, forest trees, and ornamental 
shrubs and grafts, layers and cuttings thereof. 

(b) All potatoes ; and all tubers, bulbs, rhizomes, corms, and 
hop stocks for planting. 

(c) Heeds of onions and of leeks for soAving. 

{d) Gooseberries. 
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>/ emmimtian of PlaMs, No. 

certify that the plants included in the package or 
scribed below were thoroughly inspected by 
duly authorized official of 

and were found or believed by him to be 
^ from any of the plant diseases or pests named in the 
to the Destructive Insects and Pests Order of 1922. 
onal certificate must he given for all potatoes : 
is hereby certified that no case of the disease known 
3 or Black Scab of Potatoes {Synchytrium endobioti- 
rred on the farm or holding where the potatoes 
;« r^nnsifoiment were grown nor within 500 yards 


(Official Status) 


The following details must be filled by the shipper :-t- 
Number and description of packages in consignment 

Distinguishing marks . . ........ . . . • • • • • • • 

Description of plants 

Grown at 

Name and address of exporter • 

Name and address of consignee * • • 

Name of vessel . . . . • • ..•..•..••••• 

Date of shipment ...... . . . . • • • • • 

Port of shipment • • • • 

Port of landing in England, W-ales or Ireland 

Approximate date of landing 


Appendix III 


Black Knot of Plum and Cherry {Plowrightia morbosa, Sacx 
Fire or Pear Blight {Bacillus amylovorus, Trev.). 


NOTES 





Ciiestnlit Canker {Endothia parasitica, (Murr.] Aiide?’. and 
Ander.). 

Wart Disease or Black Scab of Potatoes {Synchytrium emlohioti- 
cum, Perc.). 

Omon. and Leek Smut {Urocystis cepulw, Frost). 

Downy Mildew of Hops {Peromplasnwpara humuli, Miy. et 
Taka.). 

Insects — 

Vine Louse {Phylloxera vastatrix. Planch.). 

American Apple Capsids {Heterocordylus malinus. Rent., and 
Lygidea mendax, Rent.). 

Pear Tingid {Stephanitis pyri, Fab.). 

Colorado Beetle {Leptinotarsa decemlvmata, Say.). 

Plum Curculio {Conotrachelm nenuphar, Herbst.). 

Potato Moth {Phthorinicca operculella Zell.). 

American Lackey Moths {Malacosoma americana, Fab., and M. 
disstria, Hubn.). 

Oriental Fruit Moth (Cydia molesta, Busck.). 

San Jose Scale {Aspidiot'us permciosus, Comst.). 

Japanese Fruit Scale {Diaspis pentayona, Newst.). 

Apple Fruit Fly {Rhagoletis pomonella, Welsh). 

Cherry Fruit Flies {Rhagoletis cerasi, Linn., R. cingulata, Loew., 
and R. fausta, Osten Saken). 

Gooseberry Fruit Fly {Epochra cwnademis, Loew.). 

Appendix IV. 

A. Fruit and other Tree Pests — 

Fruit Tree Cankers (produced hy Nectria ditissima, Tul., or any 
species of Mcnvilia). 

Silver Leaf {Stereum purpureum, Pers.). ' 

Black Currant Mite {Eriophyes ribis, hN&l.). 

Woolly Aphis {Eriosoma lanigerum, Hausm.). 

All Scale insects {Coccidce.). 

Brown Tail Moth {Nygmia Phceorrhcea, Dan.). {Euproctis 
chrysorrhcea.) 
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liliododendroii Fly {Leptobyrsa [Step/m^Ms] rliododendn, 

Horv.) o 1 \ 

Aniericaii Gooseberry Mildew {Splmrotheca marsum, Berk.). 

Vegetahle cind Root Pests 

Corky or Powdery Scab of Potatoes (Spongospora suhterranea, 
Lagerh.). 




PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 

Mr. G. S. Bajpai, I.C.S., has been appointed to officiate 
as Deputy Secretary to the Government of India, Department of 
Education, Health and Lands, vice Mr. R. B. Ewbank, I.C.S., on 
other dutv. 

Dr. W. H. Harrisox, D.Sc., Imperial Agricidtural Chemist, 
has been appointed substantively Joint Director of the Agi'iciiltural 
Research Institute, Pusa. 

* 

- * * 

Mr. a. Howard, C.I.E., M.A., Imperial Economic Botanist, 
Pusa, has been granted leave on average pay for 7 months and 
3 days from 17th March, 1924, Dr. E. J. F. Shaw officiating until 
15th April, 1924. 

Mrs. G. L. C. Howard, M.A., Second Imperial Economic 
Botanist, Pusa, has been granted combined leave for 7 months 
and 9 days from 11th March, 1924. 

H: 

The University of Edinburgh has conferred the degree of 
D.Sc. on Mr. W. McRae, M.A., B.Sc., officiating Imperial 
Mycologist, Pusa. 

Dr. J. Sen, M.A., Ph.D., Supernumerary Agricultural Chemist, 
Pusa, has been appointed to officiate as Forest Chfemist, Forest 
Research Institute and College, Dehra Dun, for 8 months, from 
7th April, 1924. 

:5c ■■ 

Mr. B. C. Burt, M.B.E., B.Sc., Secretary, Indian Central 
Cotton Committee, Bombay, has been granted leave on average 
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pay loF 7 niontta from 3rd April, 1924, Mr. G. K. Hilson, B.Sc.. 

officiating. . 

■ ^ 1 ' ‘ . ... .. - - - 

Me M B Menon,' g.B.V.C./ has been appointed to officiate 

as Third Bacteriologist, Imperial Bacteriological laboratory, 
Muktesar, for 1 year from 15th March, 1924, vtce i. 
Timoney, M.R.C.V.S., resigned. 

JjjS 

Mr M. Carbery, M.A., B.Sc., Agricultural Chemist to the 
Government of Bengal, has been confirmed in the Indian Agricul- 

t/iiral Service from 11 til Marcli, 1924. 

Mb F Smith, B.Sc., Deputy Director of Agricuiture, Beiigai, 
on letuin from ieove, has been posted to the Eastern Circle from 

15th March, 1924. 


Mr. E. T. Davis, M.R.C.V.S., Offg. Director, Civil Veterinary 
Department, Bengal, was on leave on average pay for 1 month 
from 1st April, 1924, Mr. A. D. McGregor, M.R.C.V.S., officiating. 

Mr. F. E. Parnell, M.A., Government Economic Botanist, 
Madras has been granted combined leave for 2 years, 2 months 
and is’ days from or after 10th March, 1924. Mr., K. Ramiah 
lias been placed in charge of the office until further orders. 

Mr. R. C. Broadpoot, N.D.A., has been appointed to officiate 
as Cotton Specialist, Madras, vice Mr. G. R. Hilson on other duty, 
and also as Principal of the Agricultural College and Research 
Institute, Coimbatore, wee Mr. F. R. Parnell granted leave. 

*** 

Mr. Sadaat Ullah Khan, M.aA., B.Sc., Deputy Director of 
Agriculture under training, has been placed in charge of the VI 
Circle, Madras, wee Mr. R. C. Broadfoot on other duty. 


k.-;.;- 
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Mr. D. G. Munbo, B.Sc., lias been confirmed in the Indian 
Agricultural Service as Deputy Director of Agriculture, Madras, 
from 4th December, 1923. 

Dr. Harold H. Mann, D.Sc., has been confirmed as Director ' 

of x4gricuiture, Bombay, from the date of retirement of Mr. G. F. : 

Keatinge, I.C.S. . ‘ ^ 


Mr. P. C. Patil, M.Sc., L.Ag., Deputy Director of Agriculture, 
South Central Division, Bombay, has been granted leave on 
average pay for 1 month and 10 days, Mr. K. M. Pawar officiating. 

* 

* * 

Mr. E. S. Farbeother, M.R.C.V.S., Superintendent, Civil 
Veterinary Department, Bombay, has been granted leave on 
average pay for 7 months from 15th April, 1924, Khan Saheb 
J. D. Buxy, G.B.V.C., officiating. 

* ■ 

. 

Mr. C. H. Parr, B.Sc., Deputy Director of Agriculture in 
charge of Cattle-breeding, United Provinces, has been granted 
leave on average pay for 5 months from 15th May, 192*4. 

H: 

* * 

Mr. A. C. Dobbs, B.A., Director of Agriculture, Bihar and 
Orissa, has been placed on special duty for 2 weeks from 14th 
April, 1924, and granted leave on average pay from 28th April to 
1st October, 1924, Mr. G, S. Henderson officiating. 

=t! ' . ■ 

* * 

Mr. G. C. Sherrard, B.A., Deputy Director of Agriculture, 
Patna Circle, Bihar and Orissa, has been granted leave on average 
pay from 8th April to 1st October, 1924, Mr. H. L. Datta 
officiating. 

■ ■ ^ 

Mr. N. S. McGowan, B.A., Professor of Agriculture in charge 
of District Work, Bhagalpur Circle, Bihar and Orissa, has been 
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erfuited leave on average pay for 6 months from 2ncl April, 


Chaudhubj Muhammad Abdulla, Deputy Director of Agricul- 
ture, Punjab, and Sardar Sahib Kharak Singh, M.A., Associate 
Professor of Agriculture, Lyallpur, have been confirmed in the 
Indian Agricultural Service. 

hfiAN Mttkhtar Nabi, Extra Assistant D irector of ^Agriculture, 
Ourdaspur. assumed additional charge of the duties of Deputy 
Director of Agriculture. Eirst Circle, Punjab, on 31st Januar}-, 
1924, relieving Malik Sultan Ali who proceeded on leave for 
4 months. 

' ' ’ tii 

Rai Sahib Lala Jai Chand Luthra, M.Sc., Associate Professor 
of Botany, assumed charge of the post of Economic Botanist to 
Oovermnent, Punjab, in addition to his own duties, fiom 16th 
February, 1924, relieving Agha Yusuf Ali Khan deputed to England 
in connection with the British Empire Exhibition. 

Mr. S. B. Rippon, M.R.C.V.S., who has been appointed to 
the Indian Veterinary Service, has been posted to Burma. 

* 

Mr. J. H. Ritchie, M.A., B.Sc., Deputy Director of Agricul- 
ture, Northern Circle, Central Provinces, has been granted leave on 
average pay for 8 months from 1st April, 1924, Mr. R. H. Hill 
officiating. 


Mfe. S. T. D. Wallace, B.Sc., Deputy Director of Agricul- 
ture in charge of Animal Husbandry, Central Provinces, has been 
nted combined leave for months from 22nd April, 1924, 
Mr. J. C. McDougall officiating in addition to his own duties iii charge 
the Southern Circle, 
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Mr. S. G. Mutkekar, M.Sc., BAg., ()fficm.tnig Deputj 
Director of Agriculture, Western Circle, Central Provinces, lias 
been granted leave on average pay for 1 month from 22iid April 
1924, Rai Sahib Bhayya Lai Dube officiating. 


Mr. J, F. Dastitr, M.Sc., D.I.C., Mycologist to Government 
of Central Provinces, was on leave on average pay from 24tli March 
to 17th April, 1924, Mr. K, P. Shrivastava officiating, 


Mr. E. a. H, Churchill, B.Sc., Assistant Director of Agriciil 
ture, Jubbiilpore, has been transferred in the same capacity tc 
Chhindwara, Central Provinces. 


Eai Sahib Tundilal Pawar has been appointed to officiate 
as Deputy Director of Agriculture, Eastern Circle, Central Provin- 
ces, vice IVIr. J. C. McDougall on other duty. 


NOTICE 

The undersigned is about to prepare a complete record of the 
students trained at the x4.gricultural Research Institute, Pusa. 
The record will contain the following information regarding the 
career of each : — 

(1) Name of student. 

(2) Province or State from which he came. 

(3) Kind of training given. 

(4) Employment obtained after being trained. - , 

Old students of the Institute are requested to assist in the 
preparation of this record by supplying the undersigned with the 
information asked for above. 

D. CLOUSTON, 

Offg. Agricultural Adviser to the Governmeni of India. 



THREE BOOKS ON ENTOMOLOGY 

1^ Animal Parasites and Human Disease^By As. 
Second Edition, Revised, 1922, Cliapman 


(2) The Principles of Insect ControL-By n. a. 

P. Buckle ; 1923 ; Longmans, Gireen & Co.; 

3) Social Life among the Insects —By W. M. Vi 

Constable and Co. 

(1) That this book has reached a second editi 
has met a want. It is a very well-written and well 
of our present knowledge of those Human Dis< 
caused directly or indirectly by Protozoa, Worms a 
diseases which are of very direct ; interest to all 
especially to those living in warm climates, where tl 
of the cultivator is normally reduced to a serious 
diseases as hookworm and malaria. Eor the e} 
veterinary worker in India, no less than to the r 
book provides a concise and accurate summary of 
with. It contains a few errors, which will doubt 
in a later edition ; some of these are mere slips b 
the statement (p. 485) that Pangdnia sucks blood 
the air, are errors of fact which have already I 
print. 

(2) The .vast output of literature on Econo 
makes it increasingly difficult for workers in this li 

-selves informed of past and recent progress in this s- 
the World. The Remdw of Applied Entomology, it 
all current literature very usefully but serves rai 
j-.ha-n a classified abstract of recent literature. Th( 
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therefore, meets a real \yant by providing under one cover a resume 
of recent literature on methods of Insect Control. That such an 
attempt to cover an enormous field has resulted in an elimination 
of all errors or in the inclusion of every control-method which has 
been advocated, would be too much to expect ; but within its limits 
this compilation will be found very useful to all economic workers 
and should certainly find a place in the library of every Agricultural 
College in India. The book is divided into four parts. Part I 
deals with Biological Control under the heads of Host Resistance, 
Climatic Restraints, Disease, Parasites and Predators, and Bird 
Encouragement. Part II deals wuth Chemical Control by means 
of Insecticides (three chapters), Dips and Dressings, Attractants 
and Repellents, and Fumigants. In Part III we conre to Mechanical 
Control by Cultural Methods, Restriction of Spread, Crop Storage, 
and Baits and Traps, whilst Part IV gives a summary of Legislation 
for the control of pests, and an Appendix includes an account of 
machinery for spraying and dusting. 

On page 2 the authors state that the San Jose scale ‘^attacks 
all fruit trees except chestnut, fig, cherry and vine ” ; in- Kashmir 
both cherry and vine were found to be attacked in 1923 and cherry 
has also been recorded as attacked in California. On page 9 Oshima 
is quoted as stating that teak is absolutely immune to termites ; 
this may be so in Formosa but requires qualification as a general 
statement ; teak is not immune in India and in Java Dammerman 
has described Kalotermes tectoim which attacks living teak trees. 
Under the heading of Attractants, the authors might have 
made some mention of the Andres-Maire form of trap, which has 
been used with success in India for the control of Agrotis ypsilon. 
So far as Indian workers are concerned, indeed, a noticeable point 
in tliis book is the very infrequent reference made to Indian publi- 
cations on Economic Entomology. Most of the methods described 
in Chapter XIII, under Restriction of Spread of Pests, are based on 
work in Europe and America. As this book should be equally 
valuable to workers in the Tropics, the utility of subsequent editions 
will be improved by the addition, of notes on control-method'! found 
useful there. 
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(3) Professpr Wheeler is a well-kno^^^l aixthority upon the Ants, 
which are amongst the best-known exponents of social life amongst 
the Insects. This book reproduces six lectures which were given 
at, the Lowell Institute in 1922, and will be found equally interesting 


to the entomologist and to those who are interested in the habits 
of insects without necessarily wishing to enter into such subjects 
as their classification and nomenclature. It is perhaps difficult 
to make a strict definition of social insects. In this book Professor 
Wheeler includes in this category Beetles, Wasps, Bees, Wnts, 
Earwigs, Embiads and Termites, and to these a slight extension of 
the line would add some Crickets, Moths and Bugs. [T. B. F.] 


* 

Poultry Farming in the East. — By Mrs. A. K. Fawkes, Poultry 

Expert to the Goverimient of United Provinces. (Allahabad: 

Pioneer Press.) Price, Es. 4. 

Mrs. Fawkes has produced an excellent little handbook on 
poultry farming in India. She has managed to adapt to Indian 
conditions many of the principles of successful fowl keeping as 
practised in the West. 

The chapter on housing is particularly good ; as the author 
says, “ most of the failures in poultry keeping in India are attribut- 
able to one factor and that is that people will house their fowls in an 
empty godown in the compound.” 

The section on diseases is full but clear, though the amateur 
will be well advised to spend more time in preventative measures 
than in applying remedies after disease has broken out. 

The egg-laying competitions at Lucknow have been valuable 
in bringing pubhc attention to possibilities of poultry keeping in 
India. 

Feeding is" another section which will well repay careful atten- 
tion. A suitable and well balanced ration is of the greatest 
importance. 

The book is well got up and is full of useful information. It 
can be thoroughly recommended to any one interested in poultry 
and the author is to be congratulated on her book. [G. S. H.] 
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NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 

1 . Tlie New Agriculture, by Kary C. Davis. Pp. 494. (Pbiladel- 

phia and London : J. B. Lippincott Co.) Price, 8 , 9 . Qd. net. 

2 . The Co-operative Marketing of Farm Products, by 0. B. 

Jesness. Pp. xiii-j-292. (Pbiladelphia and London : J. B. 
Lippincott Co.) Price, 10 s. 6 d. net. 

3 . The Nature and Properties of Soils ; A College Text of 

Edaphology, by T. Lyttleton Lyon and Harry 0. Buckman. 
Pp. v+'588. (London : Macmillan & Co.) Price, 15s. net. 

4 . The Principles of Agriculture, by J. E. Ainsworth-Davis. 
Pp. xiv-j-2'61. (London : Methuen & Co.) Price, 7 s. net. 

Practical Botany for Indian Students, by Diwan Bahadur 
K. Rangachariar, M.A., L.T. (Madras : Superintendent, 
Government Press.) 

6 . Social Life in the Insect World, by J. H. Pabre. Translated 

by Bernard Miall. (London: T. Fisher Unwin, Ltd.) 
Price, 8 s. 6 d. net. 

7 . Animal Nutrition, by T. B. Wood, C.B.E., M.A., F.I.C., F.R.S. 

(London : University Tutorial Press, Ltd.) Price, 4s. 6 d. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

• Memoir. 

1 . Studies in Guj arat Cottons, Part II, by Maganlal L. Patel, B. Ag. 

. (Botanical Series, Vol. Xll, No. 5.) Price, E. 1-12 or 3s. 

Reports. • 

2 . Proceedings of the Board of Agriculture in India held at 

Bangalore on the 21 st January, 1924, and following days 
(with appendices). Price, R. . 1 . 

3. Proceedings of the Cattle Conference held at Bangalore on 22 nd 

and 23rd January, 1924 (with appendices). Price, As. 9. 
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Author 


GENERAL AGRICULTURE 


Alessrs. TliJicker, Spink 
& Co., Calcutta. 


Edited by the Agricul- 
tural Adviser to the 
Covcriiment of India,. 


The Agricultwral Journal oj 
India, Vol. XVXn, Farts V 
and VJ, and Vol. XIX, J:»art 
1. Frice, B 1-8 or 2*‘. per 
part ; annual subscription 
Bs. b or 06*. ()d. 


G o ve riinicn t Print i ii , 

India., Calcutta. 


Scientific l\C3port.s of th<3 Agri- 
cultural Research Institute, 
Pusa {including tlie Reports 
of the Imperial Dairy Ex])ert 
‘and the Secretary, Sugar 
Bureau), for 1022-23. Price, 


Issued fj'oni the Agricul 
tiu'a] Research Iiisti 
tiitc, Pusa. 


Ditto 


Review of Agricultural Opera- 
tions in India, 1022-23. 
Price, R. 1-10. 


Agricultural Adviser to 
the Covermnent of 
India. 


1 )itto 


A Study of the Ea,ctors opera- 
tive in the value of Green 
^lanure. I^u.sa Agricultural 
Research Institute Bulletin 
No, 149. Price, As. 5. 


H. Wilsdou, M.A., 
I.E.S., Late Agricul- 
tural ' Chemist to 
Government, Punjab ; 
P. E. Lander, ii.A., 
D.se., A.I.C., I.A.S., 

Agric ultura i Chemist 
to G o v e r 11 in o n t , 
Punjab, Lvallpur ; 
and M. Mukand Lai, 
L.Ag., R e s e a r o b 
Assistant, Agriculture I 
College, Lyallpiir. 


Idu? Improvement of Fodder 
and Forage in India. (Papers 
read before a joint meeting of 
the Sections of Agriculture 
ami Botany, Indian Science 
Congress, Inicknow, 1923). 
Pusa Agricultural Research 
Institute Bulletin No. 150. 
Price, As. 0. 


Edited by Gtibriellc 

L. 0. Howard, m.a.. 
Second Imperial 

Economic Botanist, 

Pusa. 


Ditto 


Agricultural Statistics of India. 
1920-21, Vol. IL iW 
R. l-S. 


Issued by the Dep.irt- 
inent of Statistics, 
India. 


Ditto 


Water Hyacinth. Bengal 
Department ' of Agriculture 
Leaflet 1 (English). 


R. S. Pdiiiow, B.SC., F.T.C. 
Director of Agricul 
tiire, Bengal. 


Bengal Government 

Press, Calcutta. 
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Author 

1 Where published 


General Agriculture — oontd. 


8 

Water Hyaeiiith. .Bengal 
Department of Agriculture 
Lcaiict 2 (English). , 

R. S. Finlow, b.sc., I'.i.g., 
Director of Agricul- 
ture, Bengal- 

Bengai Governmen 

Press, Calcutta. 

9 

Reaping of broadcast higliiand 
Aus paddy. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Ditto 

10 

Improvement of Cattle and 
provision of Cattle Fodder in 
Bengal (in English). 

Ditto 

Ditto 

11 

Annna.l Report of the Depart- 
ment of Agriculture, Bihar 
and Orissa, 1922-23. 

Issued by the Depart- 
ment of Agriculture, 
Bihar and Orissa. 

jrovernmeiit Put.' 

Gulzarbagh. 

12 

Agricultural Statistics of Bihar’ 
and Orissa for 1922-23. 

Ditto 

Ditto 

13 

Annual Repo];t on the Adminis- 
tration of the Department 
of Agriculture, United 

Provinces, for the year 
ending 30th 'Juno 1923. 

Issued by the Depart - 
iuent of Agrioulture, i 
United Provinces. | 

Government Press, 

United Pro vince,---. 

Allahabad. 

14 

. , Cl? 

Annual Report on the Agricul- 
tipii Stations in the Central 
Circle, United Provinces, for 
the year 1922-23. . 

Ditto 

Ditto 

15 

Report on the Agricultural Sta- 
tions of the Western Circle, 
United Provinces, for the 
year ending 31st May, 1923. 

Ditto 

Ditto 

16 

Report on the Agricultural Sta- 
tions in the Eastern Circle, 
United Provinces, for the 
year ending 31st May, 1923. 

Ditto 

•Ditto 

17 

Report on the Agricultural 
Stations in the North-Easteni 
Circle, United Provinces, for 
the year 1922-23. 

Ditto 

Ditto 

1.8 

Report on the , Workin.g''and*the 
Administration of the United 
Provinces Government 
Gardens for the year 1922-23. 

Ditto 

Ditto 
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General A gricuUure — contd. 

Issued by the Depart- 
ment of Agricuiture, 
Punjab. 


Government P r i n t i n 
Punjab, Lahore. 


n and Crops Eexiort, 
ijab, for 11)22-23. Price, 
1-8 or 2*'. 

on the Operations cf the 
" Agriculture, 


Report 

Department of 
Punjab, for the year ending 
the 30th June, 1922, Part II. 
Price, Ks. 7-10 or 10**. 24. 

Tables of Agricultural Statistics 
of Punjab for the year 
1922-23. 

Report on the Lawrence 
Gardens, Lahore, for the year 
1922-23. Price, As. 5-0 or 


Ditto 


Ditto 


Sir Patrick Fagan. 
IV.O.I.E., c.s.i. 


23 Pa mphlet entitled Possibili- 

ties of Agricultural Develop- 
ment in the Punjab.” 

24 Notice for the guidance of 

Zemindars regarding Seed 
selection for sowojig of 
Wheat (Urdu). 

95 Report on the Cotton Survey of 
the Rohtak District in 1919. 
Price, Rs. 7 or 9s. 4d. 


Mufid-i-Am Press 
Lahore. 


Government P r i n t i n 
Punjab, Lahore. 


D. Milne, b.sc , Economic 
Botanist to Govern- 
ment, Punjab ; Ch. 
AU Mohammad, L.Ag., 
and L. Kirpa Ram, 
L.Ag., Agricultural 
Assistants. 


Ditto 


).5. Majik Sultan Ali, 
of Deputy Director of 
Agricuiture, Gurdas- 
pur. 

Issued by the Depart- 
ment of Agrieuitiire, 
Punjab. 


Ditto 


Clean Picking and Marketing of 
Cotton. Punjab Depart- 
ment of Agriculture Leaflet 


Government Central 
Press, Bombay. 


B. Kulkarni, M.Ag., 
Assistant Economic 
Botanist, Poona. 


Tmi)rovement of Grazing Areas 
in the B?)mbay Presidency. 
Bombay Department of 
Agriculture Bulletin No. 112 
of 1923. Price, As. 11-6. 

Agricultural Advancement in 
the Nellore Taluk by Co- 
operation wHh the Agif cul- 
tural Department. Madras 
Department of Agriculture 
Leaflet No. 30 (English and 
Telugu). 


Government Press 
Madras. 


Subbarama Beddi of 
Thotapalli. 
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General A gricuUure — eontd. 


Breeding and Rearing of Cattle 
and Buflaloes. M a d r a s 
Department of Agriculture 
Leaflet No. 3.1 (English, 
Tamil, Telugu, Maiayalam 
and Kanarese). 

R. W. Little wood, n.d.a., 
Deputy Director of 
Agriculture for Live- 
^Stock, Madras, 

Notes on the Exhibits at the 
Agricultural Exhibition, IV 
Circle, Madras, comprising 
North Arcot, South Arcot, 
Chiiigleput and Chittoor 
Districts. Madras Depart- 
ment of Agriculture Leaflet 
No. 33 (English and 

Tamil). 

D. Ananda Rao, B.se., 
Deputy Director of 
Agriculture, IV Circle, 
Madras. 

An Improved Furnace for 
Jaggery making in Chittoor 
District. Madras Depart- 

ment of Agriculture Leaflet 
No. 34 (English, Tamil and 
Telugu). 

Ditto 

The Ground, Earth or Pea-nut 
(AmcMs ^ypog(ea). Madras 
Department of Agriculture 
Bulletin No. 87. (Revised 
edition of Bulletin No. 28). 

Issued by the Depart- 
ment of Agriculture, 
Madras. 

Year Book, 1923, of the Madras 
Agricultural Department. 

Ditto 

Appendix A to *^A Popular 
Account of the work of the 
Madras Agricultural Depart- 
ment” (Tamil and Telugu). 

Ditto 

Report on the working of the 
Department of Agriculture, 
Central Provinces, for 

1922-23. Price, R. 1. 

Issued by the Depart- 
ment of Agriculture, 

C e n t r a 1 Provinces 
and Berar. 

Return of expenditure on Pro- 
vincial and District Gardens, 
Central Provinces and Berar, 
for 1922-23. Price, As, 4. 

Ditto 

Report on the Cattle-breeding 
Operations in Central Provin- 
ces and Berar for 1922-23. 
Price, As. 4. 

Ditto 

Report on the Demonstration 
work carried out in the 
Western Circle, Central Pro- 
vinces, for 1922-23. Price, 
As. 8. 

Ditto 


Government 

Bladras. 


P r es s. 


Government 

Central 

Nagpur. 


Press, 

Provinces, 
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■40 

Report f)i) tjic Deinonstnitioii 
work carried out in the 
Northern Circle, Central .Pro- 
vinces, for 1922-23. Price, 
As. 8. ■ 

Issued by the Deijart- 
ment of Agriculture, 
Central Provinces and 
Berar. 

ChjvcriimeJit P r e s .s , 

Central Provinces, 

Nagpur. 

4J. 

' 1; 

; 1 , ' 

1 ' ' 1 
v" i 

Fveport mi the Nagpur Agricul- 
tural College, the Botanical, 
(4iemica,], Myeological and 
Engineering Sections and 
Ma ha riijbagh Menagerie, 

Central Provinces. Price, 

As. 8. , 

l.>itto 

Ditto 

f(. - 

V ' 

Olpad Thresher. C e n t r a 1 
IToviiu^es Dcjiartiuent of 

Agriculture Lealiet (Hindi). 

E. A. H. Chiu'chill, E.sc., 
Assi.stant Director of 
AgJ’ic u Itu re, C!eut ral 

Provinces. 

Ditto 

43 

, 

The Cultivation of Oranges in 
the Central Provinces and 
Berar. Central Provinces 

])e])jirtnieiit of Agriculture 
Bulletin No. 19. 

K. >S h r i v a s t a v a. 

Assistant to the 

Economic Botanist, 

Central Provinces. 

Ditto • » 

7im 

Re[)(>rt of the Agricultural 
Departinent, Assam, for the 
year ending 31st March, 1923. 

l.s.sue(I by the DopiuT- 
nient of Agrieulture, 
Assam. 

Assam S e e r e t a. r i a t 
P r i n t i n g O Hi c f‘ , 
Sliiilong. 


Tables I'f Agricultural statistics 
c.f Assam for the vear 1922- 
23. 

Bit to 

Ditto 

|F 

Agiieultural Htatisf ics'of Burma 
for tlic year 1922-23. Price, 
R. 1-8. ‘ 

Issued by the Be])art- 
incut of Agricmlture, 
Burma. 

Covernment Printing, 

Burma. 

i ■■ 

The 'Bengal Agrieulturaljournal 
(Qujirterly). (In Kiiglish and 
Bengali.) Ainiual subscrip- 
' tiou R. 1 -4 ; single co])y As. r>. 

Issued by th(^ Bopart- 
ment of Agrieulture, 
Bengal. 

Sreenath Press, Dacca. 

If 48 

The Journal of the Madras 
Agrieultiiral Rtudents’ Union 
(Monthly). Annual subseri])- 
tion Rb. 4. 

M a( { ras .‘\gj ’i c u 1 1 u ral 

Students’ Union. 

The ITicctric Printing 
AVoi' ks, ( i m bi i to re. 

1 

Quarterly Journal of tbo Indian 
Tea Association. Price, A.s. G 
]jer copy. 

Scientific Bcpii rtment 
of the Indian Tea 
Association, Calcutta, j 

Catholic Orphan ih-ess, 
Calcutta. 

I 

Poona Agricultural College 

Magazine (Q u a r tori y). 
Annual subscription Its. 2. 

College Magazine C^oni- 
mittee, Poona. 

Arya Bhusan Press, 

1 ]^?n^a. 

I';,. 

Journal of the Alysore Agricul- 
tural and Experimental 
ITnion (Qiiai'terly). Annual 
suhscri])tion Rs. 3. 

Mysore Agriculture 1 

Experimental 'Union. 

B-angaiore P e f. s , 

Bnngai;)r\ 
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Indian Scientific Agriculturist 
(Monthly). Annual subs- 
cription Ks. 4. 


The Planters’ 
(Weekly). 


Chronicle 


Alliance Advertising 
A s s <> c i a t i o n, Ltd., 
Calcutta. 

United Planters’ Associa- 
tion of youth India, 
Coimbatore. 


Cf t Ic u t ta. Ch ro 1 no t y } j t ? 

Company, 52-3, Bow 
Bazfir .Street, Calculfa. 

E. P. Works, Coimbatore. 


AGHICULTURAL CHEMISTRY 


56 


5S 


5p 


54 I A Preiiraimiry Note on the 
decomposition of Calcium 
Cyananiide in South Indian 
Soils. Memoirs of the 
Department of Agriculture 
in India,, Chcmiwil Series, 
Vol. Vn, No. 3. Price, 
As. 12 or Ls‘. 


The Prevention of Nuisances 
caused by the Par- boiling of 
Paddy. Pus;i Agj'icultural 
Research Institute Bulletin 
No. 146. Price, x\s. 5. 

A Method for tlie accurate 
Determination of Carbonic 
Acid present as Carbonate in 
Soils. Pusa Agricultural 
Reseau*ch Institute Bulietin 
No. 151. Ih-icc, As. 2. 

Liming of Assam Soils. Assajn 
l)cj)artment of Agriculture 
Bulletin No. 2 of 1923. 

Par-boiling of Paddy. Burma 
Department of Agriculture 
Leaflet No. 18. 


Studies in Inheritance in Cotton, 
I. Histoiy of a Cross 
between G. lierbaceuvi and 
G, neglertum. Memoirs of 
the Depai'tment of Agricul- 
ture in India, Botanical 
Series, Vol. XU, No. 3. 
Price, R. 1-4 or D. 9d. 


Roland V. Norris, d.sc., 
F.i.e*., Covernment 

Agricultural Chemist, 
Coimbatore ; P>. Viswa- 
iiath, Assistant Agri- 
cultural Chemist, 
Coimbatore ; and C. 
V. Ramasuaini A^-yar, 
L.Ag., Assistant to the 
Oovernment Agricul- 
tural Chemist, Coimha - 
tore. 

J. ChaiUoii, B.vSe., a.i.c., 
Agricuitura I Chemist, 
Burma. 


Phalli Bluisan Sanyal, 
M.,sc., Assistant to 
the Imperial Agricul- 
tuj’al Chemist, Pusa. 


Issued by tlie Depart- 
ment of Agriculture, 
Assam. 

IssucmI by the Depart- 
ment of .Agriculture, 
Burma,. 


BOTANY 

C. L. Kottuj’, M.Ag., 
Cotton Breeder, 
Southern Mahratta 
Country. 


Messrs. Thacker, Spink & 
Co., Calcutta. 


Cl o vei’ii m e } i1 Thi nti ng , 

India, Calcutta. 


Ditto 


Assam Secrctaiiat Print- 
ing Office. Shillong. 


Concernment Priutmg 
Burma. Rangoon. 


Messrs. Thaiher,' Sjiink 
Co., Calcutta. 
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Gabi'ielle L. 0. Howard, 
M.A., Second Imperial 
Economic Botanist ; 
and Ahdur Rahman 
Xhan, Assistant to 
the Imi>enal Economic 
. Botanist, Pusa. 

Mas^anlal L. Patel, B.Ag., 
Cotton Breeder, South 
Guianit. 


Messrs. Thacker, Spink & 
Co., Calcutta. 


.Ditto 


MYCOLOGY 

S. L. Ajrekar, B.A., 
Acting Professor of 
Botany, Royal Insti- 
tute of Science, 
Bombay; and J. B. 

R a n a d i V e , B.Ag., 
Assistant Mycologist, 
Potato Research Com- 
niittee, Bombay 
Department of Agri- 
culture. 


Government Printing, 
India, Calcutta. 


The Relative Responsibility of 
Physical Heat and Micro- 
organisms for the hot weather 
Rotting of Potatoes in 
Western India. Pusa Agri- 
cultural Research Institute 
Bulletin Ho. US. Price, 


Bengal Government Press, 
Calcutta. 


Issued by the Depart- 
ment of Agriculture, 
Bengal. 


63 Some common Fungoid Diseases 
of Crops and their preventive 
measures — Ufra or Dak 

Disease of Paddy (in English 
and Bengali). 


ENTOMOLOGY 

Compiled by the Imperial 
Entomologist. 


Go vernment Printing, 
India, Calcutta. 


List of Publications on Indian 
Entomology, 1922. Pusa 
Aericultural Research Insti- 
tiite Bulletin No. 147. Price, 
As. 7. 

The Pest Act and Cotton. 
Madras Department of 
Agriculture Leaflet No. 32. 
(English, and Tamil). 

Mango Weevil (English and 
Bengali), 


Government 

Madras. 


R. Hilson, B.sc 
Cotton Specialist, 
Madras. 


Bengal Government Press. 
Calcutta . 


Issued by the Depart- 
ment of Agriculture. 
Bengal. 

Issued by the Depart- 
ment of Agriculture. 
Burma, 


Government Printing. 
Burma, Rangoon. 
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Government Printingj 
Burma, Rangoon. 


AGMCULTURAL BACTERIOLOGY 


j M,A., M.sc., 

Assistant Agricultural 
Bacteriologist, Pusa, 


Indigo Experiments, 1922. (1) 

The effect on produce when 
Vat Liquor is allowed to 
stand in the beating vat and 
beating is delayed ; (2) The 
effect of neutralizing the 
Liquor with caustic soda 
before beating. Pusa Indigo 
Publication No. 12. Price, 
x\s. 4. 


Government Printing, 
India, Calcutta. 


VETERINARY 


Government Printing, 
Punjab, Lahore, 


Ditto 


Ditto 


Government Central 
Press, Bombay. 


Governinent Printing, 
Bihar and Orissa, 
Patna. 


Government 

United 

^Allahabad, 


Press, 

Provinces, 


Annual Report of the Punjab 
Veterinary C<j liege, Civil 
Veterinary Department, 

Punjab, and the Government 
Cattle Farm, Hissar, for 1922- 
23. Price, R. 1-S. 

Issued by the Depart- 
ment of Agriculture, 
Punjab. 

Cattle Census Report, Punjab, 
for the quinquennium ending 
1922. Price, As. 8 or Sd. 

Ditto 

Punjab Cattle Census of 1923. 
Prioe, As. 8 or 8^?. 

Ditto 

List of Horse and Cattle Fairs 
and Shows in the Punjab 
during 1923-24. 

Ditto 

Annual Administration Reports 
of the Bombay Veterinaiw 
College, Glanders and Farcy 
Department, and Civil Veteri- 
nary Department in the 
Bombay Presidency (includ- 
ing Sind) for the year 1922-23. 
Price, As. 5. 

Issued by the Civil 
Veterinary Depart- 

ment, Bombay. 

Annual Report of the Civil 
Veterinary Department, 

Bihar and" Orissa, for the year 
1922-23. Price, As. 12. 

Issued by the Civil 

Veterinary Depart- 
ment, Bihar and 

Orissa. 

Annual Report of the Civil 
Veterinary Department, 

United ProAnnces, for the 
f'year ending 31st March, 1923. 

! Price, R. 1-2. 

Issued by the Civil 

Veterinary Depart- 

ment, United Provin- 
ces. 
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V eiermanj—ooneld. 

Issued by the Civil 
Veterinary. Depa rt- 
ment, Assam. 


Assam Secretariat Print 
in" Office, Shiiloii". 


Pe-port of the Civil Veterinary 
l.)epartment, Assam, for the 
year 1922-23. Price, As. 8 


Government Printin: 
Burma, Bangoon. 


Issued by the 
Veterinary 1 
ment, Burnia. 


Report of the Civil Veterinary 
l)e])artment {including the 
Tiiseio Veterinary School), 
Burma, for the yearj ended 
the 31st March, 1923. Price, 


Government Press. 
C e n t r a 1 Provinces. 
Nagpur. , 


Issued by the Civil 
Veterinary Depart- 
ment, C^entral Provin- 
ces and Berar. 


Report of the Civil Veterinary 
Dex^urtment of the Central 
Provinces and Berar for the 
vear 1922-23. Price, R. 1. 


North-West P ro.ri t Le r 
Province Governnient 
Press. ' 


Lssned by 
Veterinary 
ment, ; 
Province. 


Report of tbe Civil Veterinary 
Department, North-W est 

Frontier Province, for the 
year 1922-23. Price, As. 13. 


WANTED 

Following issues of “The Agricultural Journal of India ” : — 
Vol. I, Pts. 1, 2, 3, 4 ; Vol. II, Pt. 1 ; Vol. VI, Pts. 2, 3 ; Vol. XIII, 
Pts. 1,3; Vol. XIV, Pt. 1. 

50 per cent, above original price as quoted by the publishers 
offered. 

Please apply to— P rincipal, Agricultural College, 
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SOME COMMON INDIAN BIRDS. 

No. 28. THE WEAVER-BIRD OR BAYA (PLOCEUS 
PHILIPPINUS). 

BY 

T. BAINBRIC4GE FLETCHEE, R.N., F.L.S., F.B.S., F.Z.S., 
Imperial Entomologist ; 

AND 

C. M. INGLIS, M.B.O.U., P.E.S., F.Z.S. 

The Tailor-bird has already afforded xis an example of admirable 
nest-building and the Weaver-bird has equal claims for admission 
to our circle of bird friends, which, so far as this series is concerned, 
must be strictly limited. We may, however, at once note a point 
of contrast between the two. The Tailor-bird makes every effort 
to escape its enemies by concealing its nest between leaves sewn 
together; the Weaver-bird, on the other hand, positively flaunts 
its nesting arrangements before our eyes and in many parts of 
India its nests — whole colonies of them, indeed— form conspicuous 
objects of the country-side. In some places scores of these ne.sts 
may be seen, freely exposed to view, hanging from favourite trees, 
which are usually palms or babuls {Acacia arahica), trees which 
overhang water often being selected as it seems to be a sine qud non 
that the situation considered suitable for suspending a Weaver- 
bird’s nest should have no other tree directly underneath it which 
might afford access to enemies from below. For a nest swinging up 
aloft on the tip of . a long slender palm-shaft is singularly inaccessible 
to most would-be marauders. 

( 351 ) 


1 


AORICtTLTlJEAL JOUB.NAL OF INDIA 


IV » 


i \lt,hon<^li the nests are familiar enougli, the bird which con- 
structs tl.ein is less so. The Weaver-bird belongs to the large family 
of the Finclies and at most times of the year looks very like a lieii 
Tdouse-sparrow, being a small, thick-billed, reddish- n own me. 
Towards the beginning of the Rains, however, the cock bird dons 
his breeding plumage, his head, neck and breast becoming a licanti- 
ful (Tolden-yellow and his chin turning almost black. 

"’with the onset of the Rains, nest-building commences, either a 
new nest being built or an old bne,o{ the previous season, patched 
up and put into good repair, a'he process of patidiing up old nests, 
which are easily distinguishable by the difference in the colour of the 
grass, and building new ones can often be seen going on in the 
same tree. The nest itself is strongly woven with strips of leaves 
of grasses, plantain or palms, strips from leaves of wild species of 
Badchm'um hemg used most commonly. These strips are prepared 
by the bird itself, which seizes a leaf in its beak and makes a notch 
at the edge near the base of the leaf; it then grip.? with its beak 
the edge of the leaf above the notch and jerks its head aw'ay so as to 
tear ofi a strip along the edge of the leaf ; by flying off with the 
end of this strip in its beak, the strip is usually pulled off along the 
length of the leaf ; but sometimes, at the first effort, if the leaf 
is tough, the bird is pulled backwards and hangs suspended by the 
strip in its beak, so that several attempts have to be made to detach 
the strip required for nest building. Sometimes the bird bites 
a second notch on the edge above the first and at a distance allowing 
for the length of strip which it considers necessary. The strips 
thus collected are wound securely around the branch or leaf from 
which the nest is to be suspended and, as more strips are brought in, 
these are added, securely wound and plaited together, until there is 
formed a long, stalk from which the nest proper is suspended. This 
stalk is usually about four or five inches long but may occasionally 
extend to as much as a foot. Having completed the suspensory 
stalk, the birds then expand its lower end into a bulb-shaped structure, 
which is usually about five and a half inches in diameter in one direc- 
tion and four inches in the other. At this time, having determined 
where the egg-chamber is to be, the birds construct a strong transverse 
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i):i,r or loop; a, little to one side of the centre of the c]ia,nil)er, this l)nr 
* forming n, division lietween the egg-cliaraber and tlie long tnbnlar 

entriuice. At tliis stiigo of construction the nest resembles an 
nptiirned basket, the loop representing the handle. Up to this 
point in tlie construction of the nest, both sexes have done the same 
^ Icind of work in collecting fibre-strips and weaving these into tlie 

nest, blit, wlien this loop has been completed, the female bird talces 
up her position on it, leaving the cock henceforth to procure more 
material for Imilding and to work from the outside of the nest, 
whilst she work's from the inside, lioth of tliem pushing and drawing 
in the fibres through the walls of the nest so that everything is 
phfited together snioothly. The little builders seem to enjoy 
themselves thoroughly, the cock bird especially being industrious, 

J' emitting a cry of delight each time that he brings in a beak-full of 

fibre and often bursting into song during the process of weaving 
^ material into the nest. The egg-chamber is now finished on. one 

side of the loop and on the other side the walls of the nest are pro- 
longed downwards into a long tubular entrance, about two inches in 
diameter internally, and usually about six inches long, but 
f occasionally twice this length. The male bird often continues 

; building on to this tubular entrance even after the eggs have been 

laid and are being incubated by the female. The lower end of the 
tubular entrance is loosely woven so as not to afford any firm support 
to enemies attempting to plunder the nest. The birds themselves 
when entering the nest close their wings and shoot perpendicularly 
upwards through the tube ; it is marvellous how they can do this 
without running their heads through the top of the egg-chamber 
or e^'en apparently shaking the nest. This tubular passage is used 
as an entrance to the nest by the parents whilst nest- building and 
incubation are proceeding ; but, when the eggs have hatched, the 
food brought to the nestlings is passed in to them through small 
holes pierced through the sides of the egg-chamber. The presence 
of such holes is a sure sign that the eggs have hatched. 

It will now be apparent what a hard nut has to be cracked 
by any would-be plunderer of the nest, which is placed high up 
out of reach of any non-climbing animals. Even a good climber, 
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sucli as a squirrel, rat, snake or lizard, will find little to cling to on 
the tip of a palm-leaf and, arrived there, has to negotiate a distance 
of at least eighteen inches to reach the entrance to the nest whilst 
the lower portion of the entrance-tube is too flimsily constructed, 
to yield any foothold. Plainly visible, its inaccessibility is its sure 

defence and it can well defy most marauders. ^ • 

There is still one point to be mentioned about these nests and 
that concerns the lumps of clay which are stuck onto them in odd 
places. Jerdon notes that he found in one nest about three ounces 
of clay in six difierent places. Many theories have 
in explanation, a very popular idea m India being that the birc 
uses these clav patches as points d’appm on which to stick g ow- 
worms to illmuinate the interior of its nest. A more probable 
explanation is that the clay is applied to balance the nest more 
correctly, to prevent it being blown about by every gust o^ win 
and to keep it steady whilst the birds are entering and leaving it. 

Two is the normal number of eggs laid but occasionally three 
or four are found. As many as ten have been noted, but, in cases 
where there are so many, they are probably the product of more 
than one bird. The eggs are usually found in July and August. 
They are pure white in colour, without any gloss, typically rather 
long ovals considerably pointed towards the smaller end, and 

measure about 20 by 15 millimetres. 

The Bay a is found throughout India and is now divided into 
four subspecies, which -are the Baya {Ploceus pMlippimis pMUppi- 
nus) found in Ceylon and the greater part of India ; T inn s Baya 
(P. philippi'nus megarhynch'iis), a local race found in the Himalayas 
about Nainital ; the Eastern Baya (P. pMUppinus passerinus), 
found in the lower Himalayas and Hills in Bengal, Assam, North 
Burma and Siam ; and the Malayan Baya (P. pMippinus infortu- 
natus) which occurs in the Malaya Peninsula and Siam, only entering 
ouir limits in Tenasserim. It is the typical race which is- shown 
on our Plate. Besides the Baya, three other species of Weaver- 
birds are found in India, of which the Indian Striated Weaver-bird 
{Ploceus manyar flaviceps) has the feathers of the breast streaked 
longitudinally with black ; this bird is not uncommon in localities 
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in Northern India providing suitable rushy, reedy cover, in which 
the nests are placed, the nests being much like those of the Baya but 
without the long pensile support. 

Like most of its relatives, the Weaver-bird is largely gramini- 
vorous, feeding on seeds of grass, paddy, millets, and weeds, but a 
certain proportion of insect food, mostly small beetles and cater- 
pillars, is taken. It cannot be claimed as a useful bird, and during 
times of forest fires the nests sometimes bum through at the base 
and may then be blowm, all ablaze, for hundreds of yards into areas 
which would otherwise escape from the fire. 

Its feeding habits make it comparatively easy to keep the 
Baya. as a cage-bird and it is often so kept, young birds being offered 
for sale in Calcutta during August. Given a large enough space, 
the Baya will weave its wonderful nest in confinement, but requires 
all the space for itself for, as Cunningham remarks, “ they are very 
undesirable additions to any aviary containing other kinds of small 
birds, as they are very aggressive, and are possessed by a deeply- 
rooted desire to hammer in the skulls of their neighbours, which, 
as Abdur Eahman in his autobiography remarks of a Baluchi 
tribe of similar disposition, ' naturally causes disputes ’ ”. 

Young Bayas are readily tamed and easily acquire tricks, 
such as threading beads, drawing up little buckets of water or of 
seed, or loading and firing off a toy caimon. Lockwood Kipling 
tells of one which flew up to a tree at the word of command, selected 
a flower or leaf, plucked it, and, returning, placed it daintily between 
its master’s lips. There is no doubt that it is an intelligent bird 
and it is therefore a favourite cage-bird. In the Punjab a popular 
proverbial rhyme contrasts the house-building talents of the Weaver- 
bird with the helplessness of the shelterless monkey which cannot 
protect itself against the weather in spite of possessing human hands 
and feet. “ I’his verse,” says our informant, “ is often quoted 
for the benefit of idle boys and girls who object to learn,” much 
in the same way as the little' busy bee is held up for infan 
admiration in Western land s. 
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B. C. BURT, B.Sc., 

Secretari/i Indian C&yitr(d Cotton Co 

It is Diy privil6g6 to-dirxy to wclcoiiiB tli© niciiibBivS of tlio 
Agricultura] Section of tlie Science Congress, and to say liow peatly 
I appreciate tlie honour of being allowed to preside over this Section. 
I trust that our meeting this year will maintain the high standard 
attained in previous years. 

It has been a custom amongst my distinguished predecessors 
to select for the presidential address some general question 
connected with agricultural development. 1 propose to-day to depart 
from that precedent and to invite you to consider agricultural 
research in its relation to a particular crop, viz., cotton. Mj 
reasons for this are tliree : In the first place, much of my time in 
recent years has been devoted almost entirely to this crop. 
Secondly, in the Central Cotton Committee India now possesses a 
unitpie organization for the furtherance of the improvement of the 
cotton-growing industry ; an organization, moreo\'er, which not 
only is representative in character but which possesses funds of its 
own and thus able to provide the means for giving effect to many 
of its own recommendations. Thirdly, bearing in mind that agricul- 
true is in the first place a business and in the second place an art, 
it occurs to me that it may be of no. small profit to ignore momen- 
tarily the conventional division of science and to exaunne briefly the 

* I’rcsidi'Htial iidclrcss at tlm Agriuulliiria Bcctiou of llic ludiaii Sciciicu CuugrcBS, 
BiuigalOre, 11)24. 
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problems presented in attempting tlie improvement of a single 
crop. To agricultural improvement every pure science lias contri- 
buted and will contribute in future. A science of agriculture can 
hardly be said to have arisen as yet, but the supreme importance 
of the scientific method in agricultimal work is now realized. If the 
problems requiring solution lie on the borders of several pure 
sciences they are the more fascinating for that very reason, and, 
as in other branches of applied science, the thorough investigation 
of the economic side of our problem must be provided for. 

The cotton-growing industry in India occupies a position which 
in many respects is unique. It is true that the area under cotton 
is much smaller than that under food crops, nevertheless India 
is the second cotton-growing country in the world. Further than 
this, approximately half of the cotton grown in India is converted 
into yarn and cloth in the country. Not only is India the leading 
cotton-spinning country in the East but she is the fifth cotton- 
spinning country in the world. But, though the cotton spi nnin g 
and weaving industry is the most important in India, cotton is 
still one of our most important exports. Thus, in addition to the 
actual cotton-growers, no small proportion of the population is 
concerned with cotton trade or cotton manufacture, and, apart from 
the production of the essential food-grains, there is probably no 
other crop with which the welfare of the country is so intimately 
connected. As a principal constituent of clothing, especially of 
cheap clothing, cotton is of intense importance to the world generally 
anti particularly to the agricultural chisses of India and the East. 
The world position in regard to the jiroduction of this most 
important stajde is at prcscjit extremely unsatisfactory. The j)rices 
of most agricultiu'aJ products have now approached to pre-war values, 
but cotton, a raw material of outstandhig importance, j^itill stands at 
well over double pre-war juices. This position is liable to be intensified 
^vhcn the cotton mills of Eurojie attemjit to attahi pre-war juoduction. 
At ju-esent, cotton mills throughout the world are worldng much below 
their full cajiacity, largely for the reason that high juices have limited 
consumjition. Those high juices have been brought about eliielly by 
under-production of the raw material. The reduction of the American 
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crop lias been attributed to various factors. Enhanced cost ol produc- 
tion and a rise in the cost of labour have undoubtedly been contributing 
causes, but the real cause has been the damage done by a single 
insect pest, the dreaded Mexican Boll-Weevil, which despite all 
efforts to check its advance has now spread throughout the Ainerican 
cotton belt. The areas sown with cotton in America during the 
last two years have been well above the average and the present 
area resulting from the stimulus of high prices is practically a record. 
But the yield per acre is again most unsatisfactory, and fiom an 
area of some 38 million acres, which a few years ago produced 16 
million bales and even in unfavourable years has produced 13 
million bales, only a crop of 10 million bales or so is now expected. 

At an optimistic estimate the average production of cotton in 

America has fallen by 2-3 inillion bales per ammm, an amount 
equal to more than half of the total Indian crop. Despite years of 
patient scientific endeavour and the application of control measures 
on a scale which has never been attempted in any other country 
and at almost fabulous cost, no real solution of the difficulty has 
been found. Methods of poisoning, especially with calcium arsenate, 
have been developed which will reduce the loss but at considerable 
cost, and there seems little hope that this method of control can be 
uni4rsally applied. Even where it has been successful the expense 
has been great, amounting to any tiring from Id. to 2^d. per lb. 
of the cotton jrroduced. An even more serious consideration 
is that under weevil conditions cotton-growing threatens to become 
unprofitable in a considerable portion of the American cotton belt, 
thus suggesting further reduction in cotton production. Ihe 
conclusion is obvious, viz., that unless other parts of the world can 
increase their production of cotton, especially of cotton of certaiir 
types, the clothing supply of the world will be restricted for years 
to come. 

Increased cotton productioir in Iirdia has often been urged 
and is undoubtedly possible, but it is desirable to recognize frankly 
what our limitations are. India, in certain respects, is a fully 
developed country with a dense population and consequently with 
only limited opportunity for increasing the area under any particular 
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crop. Direct increases in tlie cotton area have been possible in 
recent years by the extension of canal irrigation. The creation of 
canal colonies in the Punjab not only added 800,000 acres to the 
cotton area (and some 300,000 bales in yield), but has made possible 
the cultivation of half a million acres of long staple cotton. The 
Sukkur Barrage and • canal scheme in Sind will probably enable 
an equally important advance to be made during the next ten 
years, but I must not dwell on this point as it forms the subject of a 
paper by Mr. Main. For the time being at any rate we have 
probably reached the limit of direct additions to the cotton-growing 
area. Any other additions must be at the expense of other crops. 
The area under cotton in India does respond directly to enhanced 
prices and has done so in recent years, but in many respects the 
cultivator is not a free agent. Not only does a dense population 
necessitate a large area imder food crops and under fodder crops 
to support a large, though inefidcient, cattle population, but the 
fact that holdings are small militates against the maximum area 
being devoted to the so-called commercial crops. 

It is umiecessary in an assembly of agriculturists to lay stress 
on the need for rotations. It is now widely recognized that existing 
rotations in India are based in most cases on sound economic and 
practical considerations and are not readily disturbed. It is, 
therefore, to higher agricultural yields that we must lock for the 
principal solution of our problem, not only higher cotton yields 
but better yields from ail crops and a higher agricultural efficiency 
all round, thus releasing land for increased areas of revenue 
producing crops. 

It is coimnon knowledge that like other crops cotton is depend- 
ent largely on the vagaries of the monsoon. I should not have 
considered it necessary to refer to this but for the, fact that the 
effect of the monsoon on the cotton area, as distinct from yield, 
is not always recognized. lam indebted to Dr. Leake, Director of 
Agriculture, United Provuices, for some figures which clearly 
illustrate this point. Approximately one-third of the cotton of the 
United Provinces is grown on canal irrigation, and he has shown 
that in recent years this area has been almost directly governed 
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bv tlie relation" between the prices of cotton and wheat, the correla- 
tion factor being high and positive, viz., 0-57 (± 0-11). For the 
un-irrigated cotton area the contrary is the case, the area sown 
bein.r almost directly determined by the nature of the monsoon 
prior to the middle of July, the correlation factor between ramfall 
prior to 15th July and the cotton area being 0-62 ( ± Odl). If we 
except the canal-irrigated tracts of Northern India, a relation similai 
to the latter may be said to hold fairly generally. Fluctuations 
in area through conditions beyond the control of the grower must 
therefore be expected. The effect of the monsoon on yield is too 

well known to need emphasizing. 

The problem before the Agricultural Departments, therefore, 
is not an increase in area but an increase in the profits obtainable 
from cotton production. Every advance in this direction tends 
to be reflected in the area and is directly reflected in production. 
It is necessary to state most clearly, however, that the nieie increase 
in the quantity of cotton produced, though important in itself, is 
the real objective. If India is to assist to her^ own profit in 
meeting the present world’s shortage, it is essential that she should 
produce more of the type of cotton which the world requires. It 
already been stated that India is the second cotton-producing 
country in the world. Her average cotton crop is approximately 
million bales equivalent to 4 million American (500 lb.) bales 
as compared to an American crop of some 10 million bales. But 
70 per cent, of her cotton is of so short a staple that it can only be 
used to a limited extent. The cotton spinning and weaving indus- 
tries of the world have developed mainly on the basis of the type 
if cotton which America has supplied in the past, i.e., cotton of 
ot less than staple. At least 30 percent, of the Indian cottoin 
crop is of only -f stai>le and 70 per cent, is below India exports 
over a million bales annually of these very short staple cottons, 

I there is no indication that the world’s spindles can use very 
much more of this quality. On the other hand, Indian mills 
bsorb sometliing like half of our average commercial crop, and out 
of the 2-2i million bales which they use, over one million bales are 

" and upw'ards. Of such cottons 
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tliere is only a small margin estimated at an average of some 
250,000-300,000 bales per year. Incidentally in certain years 
the imports of American cotton into India have been as higli as 
100,000 bales and there is a regular import of similar cotton from 
Africa. 

In the past India has occasionally experienced difficulty in 
selling promptly the whole of her crop in a year of large productioji, 
e.g., when in 1919-20 an Indian crop of nearly 6 million bales 
coincided with a fair crop of American cotton, resulting in a carr}'- 
over on 31st August, 1920, of over a million bales in Bombay alone 
and exclusive of mill stocks. The crop in the following year fell 
below 4 million bales, thus relieving the situation. But it is clear 
that our percentage of short staple cotton is unhealthily high. It 
will be obvious that our ultimate objective should be to enable 
the Indian cotton cultivator to produce a cotton which will be 
freely competed for in the world’s markets every year; at present 
this is not the case. At the present moment while American cotton 
is selling at some 20d. per lb., Indian short staple cotton is fetching 
only about nine annas per lb. I have dwelt on this question at 
some length because it has often been urged in the past, and from 
authoritative quarters, that India should produce more cotton 
whatever the quality may be. The truth appears to be that even 
with the present world’s shortage there is only a limited demand 
for cotton of less than in staple. 

As is well-known, India at one time produced a larger propor- 
tion of stapled cottons than at present. Witliin recent hist(n')', 
for example, the Central Provinces and Berar grew chieilv Bani 
cotton ((/. i'ndicwn)~ix cotton of one inch staple and over and one 
of the best of our indigenous cottons— instead of the short staple 
cotton which now forms the bulk of the i-rop. The. irony of tlie 
situation lies in the fact that it is largely the development of cotttm 
spinning with modern machinery in the East which has led to the 
rcpla, cement of long by short staple cottons. Intlian mills anil 
China and Japan are by far the most important outlet for short 
staple cottons although the demand from the Continent is bv no 
means unimportant. 
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Sucli cuttans as Bani are charactexized by a low ratio of fibre 
to seed and in most tracts by a relatively low yield per acre. Until 
cotton marketing in India reaches a much higher standard of perfec- 
tion than we can foresee at present, only in very rare cases, if ever, 
could an Agricultural Department advise the substitution of a high 
quality cotton of low average yield for an existing variety of higher 

yield. . , . 

The ratio of cotton lint to seed or the ginning percentage, as it 

is commonly called, is also an extremely important though not the 
critical factor. In most parts of India the cultivator sells unginned 
cotton, i.e., kapas, and in consequence, so far as he is concerned, 
vinnincr percentage is only one of the commercial qualities of kapas 
Ll therefore capable of being set off by lint quality, provided 
that the necessary primary market facilities can be established. 
The ideal cotton for any tract would be one with growing period 
adapted to local climatic conditions, equal or superior in yield 
to the present varieties, equal to them in ginning percentage and 
with a staple of at least f and preferably over 1". Such an ideal is 
not impracticable, but the difficulties to be overcome m its attainment 
vary greatly in different tracts. Ihe three means at oin- disposal 

to securing this end are _ _ _ 

(1) The isolation of the best unit species from the existing 

mixed crop. 

(2) The use of an acclimatized exotic often involving iirigation 

facilities and, for complete success, involving the isola- 
tion of pure lines. 

( 3 ) Hybridization. ^ ^ ^ ^ 

In those areas which already grow cottons of relatively long 
staple, the first method has already given excellent results. In 
the Tinnevelly tract the isolation of the Karunganni constituent 
from the crop has given a cotton of superior staple and better 
yield. The same is true of the Westerns and Northerns tracts. 
In South Gujarat the deterioration due to the invasion of this area 
by a short staple herhaceum cotton of high giiming percentage has 
been checked by the isolation and establishment, over practically 
the whole of the Surat District and a considerable portion of the 
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Baroda, State, of a longer staple unit type. In Idriarwar, success 
lias been attained by the isolation of pure types from Kumpta and 
Dharwar-American cottons. The latter incidentally is an a,eclima- 
tized exotic American of ancient origin. 

The second method has met with conspicuous success in the 
Punjab and in Madras, in both eases a short staple cotton having 
been replaced by a long staple cotton. Punjab -American, which 
is now grown on half a million acres, is a selection from Upland 
American introduced originally into Bombay over fifty years ago. 
Cambodia cotton, now grown throughout the Coimbatore and parts 
of other districts in Madras, is an American type obtained from 
Indo-China. In both these cases success ha,s been possible by the 
development of these cottons as an irrigated crop. The success of 
Cambodia is of particular interest as the irrigation is from wells, and 
the cultivation intensive, comparable vdth that given to garden crops. 

In the Central Provinces and Berar and in the United Provinces 
where the existing cottons are of very short staple, the material 
for selecting a, type of staple probably does not exist. With 
canal irrigation part of the United Provinces can grow an acclima- 
tized Upland American cotton successfully, but in the greater 
part of the province a cotton of short vegetative period comparable 
with the existing ncglcctHi'n type is an essential. The same appears 
to be true of the Central Provinces, Berar and the Khandesh Divi- 
sion of Bombay. In these tracts pure line selection has produced 
types more profitable to the grower, for the time being at any rate, 
than the previous mixture, but the real problem has not been solved. 
In such areas ultimate success will probably only be achieved 
by hybridization, although it is not possible to be too emphatic 
on this point. 

It is by no means certain that we have yet reached a limit 
in the improvement of cotton by the study of the unit species 
contained in the present mixtures. The importance of such w'ork 
cannot be over-rated, for it not only provides material for temporary 
advances in the desired direction, but is essential to a proper under- 
standing of the material available even if the final solution can only 
be found by hybridization. 
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Tlioi'o iire still soine gaps in our kiiowlodge oi the inlieritance 
and cliaracters of cotton, p-^rticularly of those determining its 
commercial value. The work of Leake, and later of Kottur, Patel, 
Hilson and others, has done much to clear up many of the points 
which seemed oliscure. But even now we are still ignorant of some 
of the fact/irs deterinining the agricultural yield and a,s to whether 
tlr^re is anything in the nature of a linkage between staple lengi li 

and the lint-.seed ratio. Within any given agricultural va,riety 

thn-e is undoubtedly a general tendency for long lint to be accom- 
panied by a low proportion of lint and for short lint to be accom- 
T)a,nied by a high ginning percentage. It is fairly clea,r that no 
(■oinidete linkage exists, but there are probably limitations on the 
extent to which the two can be combined. Fuller knowledge on 
this question is clearly of great impoitance. 

Physiological research is also needed to elucidate the present 
low yield of many types of cotton, particularly in the black soil 
areas. Xo less is it needed to elucidate the causes for the loss of crop 
caused by bud and boll shedding. Preliminary work in Bombay 
and Madras has shown that the latter offers a most fruitful field of 
enquiry. 

To multiply such instances would be tedious. The work of the 
Agricultural Departments has already added enormously to the 
profits of the cottonrgrower, and if the problems which await solu- 
tion before a further advance can be made demand time and patience, 
we can go forward with the Imowledge that the scientific results 
achieved can undoubtedly be given effect to in the general cotton 
cultivation of the country through the organization which the 
Departments of Agriculture have built up. 

. It was my privilege last year to contribute a short paper to 
this section dealing with the necessity for technological research on 
raw materials with special reference to cotton. I was able to show 
then that the task of the agricultural investigator concerned with 
cotton improvement is in some respects rendered unnecessarily 
difficult by the lack of knowledge as to the precise qualities in 
cottons which are desired by the spinner, and by lack of facilities 
for testing new cottons. 
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Textile physics is a comparatively new brancli-of tlie subject, 
l)iit lias already led to very vabialde results in Itlngland where 
investigations now Jieing carried out to ehuidate the constitution and 
character of tlie cotton fibre may eventually lead to marked and 
possildy revolutionary clianges in spinning metliods. 'I’here is a 
wide field for such maic in India, especially if directed to ihe 
impro^’cment of the raw' material. I shall refer again to tliis subject 
later. 

No less important than agricultural re, search and improvement 
is tlie improvement of cotton marlceting, the object being to obtain 
for the grower tlie fullest po,ssible price for the cotton lie firoduces. 
The possibility of introducing certain improvements into geni'inl 
agricultural i>ractice will depend largely on .such market organiza- 
tion. It is not .sufficient tlmt the major markets are walling to pay 
enhanced prices for .superior staple or for clean cotton. This 
premium must reach the grower. For this to be the case two 
conditions mu.st be fulfilled. Firstly, many of the present gross 
forms of adulteration, resulting as they do in small profits to the 
middleman, out of all proportion to the loss caused to the producer 
and to the general economic loss to the country, mu.st be .stopped. 
Certain Indian cottons for many years have possessed an xmenviable 
reputation on account of the mixing of different varieties much of 
wffiich is deliberate and fraudulent mixing. Secondly, the organiza- 
tion of primary markets requires improvement to bring them into 
better touch with major markets and to give the growler a square 
deal. Nor can the major markets for Indian cotton be held to be 
entirely satisfactory. The classffication adopted, based as it is 
on geographical distinctions and station names rather than on 
intrinsic quality, does not tend to the grower getting the full value 
of his cotton. Again, since the whole question o£ agricultural 
finance is involved, the possibility of developing co-operative 
methods of marketing may well be a critical factor. It wall be seen, 
therefore, that the question of cotton improvement covers an 
extremely wide range both scientifically and commercially. Until 
comparatively recently the Agricultural Departments were left to 
deal with these various phases almost unaided. 
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As one of -the results of the touring Cotton Conmuttee of 
1917-18 the Indian Central Cotton Committee was created m 1921 and 
pemmnmrtly incorporated with funds of its own m 1923. This 
Committee' consists of representatives of cotton growers cotton 
traders, cotton spinners, cotton gumers. ot the Agncultural De^it- 
ments of the eotton-gtowing provinces, and ' representatives of the 
larger cotton-growung Indian States. The cotton cess, on which 
the Committee depends for its funds, at present produces some 
Rs. 9,00,000 per annum, the great portion of which is devoted to 

the furthering of research. . . v -r^ ^ 

Bv means of research grants to Provincial Departments of 

Agriculture the Committee has been able to mahe provision for 
additional research on problems of general apphcabiht} . In the 
Bombay Presidency grants have been given for physiological 
research in connection with boll and bud shedding, research on 
cc^tton wilt, investigations in the methods of dealing with spotted 
cotton bollwomi and for plant-breeding work on Upland coton. 
In Madras, a grant has been given for special investigations on the 
lierhaceum ' coiiom of the Northerns tract and a further grant 
sanctioned for bio-chemical research on the causes of resistance 
and susceptihility to disease and the efieet of environment on the 


st-apie. . 

In the Central Provinces, grants have been given to enable a 

more thorough study of the cottons of the province and for work 
on cotton wilt. In the United Provinces, a grant has been given 
for special investigations on the pink bollworm. In the Punjab, 
provision has been made for a special study of Upland American 
cottons under canal colony conditions. Other research schemes 
are under consideration. In addition, the Committee proposes to 
provide for a Central AgriculW Kesearch Institute for cotton, 
to be situated in Central India, for both plant-breeding and physio- 
logical investigations. _ , ■ .1 

I have already referred to the importance of technological 

research, and provision for this has been made in the Central 
Technological Laboratory, Bombay, which will shortly be com- 
pleted. It is a matter for regret that Professor Turner, qf the 
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Mancliester College of Tecimology, who has recently been appointed 
Director of this research Laboratory, arrives in India just too 
late to be with us to-day. In the course of a few months we shall 
be able to offer agricultural investigators the fullest facilities for 
the testing of new cottons, and a start will be made on a general 
teclmological study of .Indian cottons. 

On the economic side, and in its capacity as an advisory 
Committee, the Central Cotton Committee has taken up actively 
the question of checking adulteration and the improvement of 
marketing at all stages. Certain of its recommendations for 
legislation have already been given effect to by Government and 
others are still under consideration. In particular the Cotton 
Transport Act passed a year ago enables any Local Government 
to prevent the importation into tracts growing superior cottons of 
inferior cottons for purposes of mixing. This Act is already, in 
force in the Bombay Presidency. 

Time does not permit of even a casual review of the Comiiftittee’s 
various operations. But, apart from its more formal activities, 
its value as a common meeting ground for all sections of the cotton 
industry has already proved to be of the greatest value. 

It will be seen that the Central Cotton Committee is trying 
to do for India the work which the Empire Cotton Growing Corpora- 
tion is attempting for the British Empire as a whole, but with 
special reference to the newer cotton-growing countries. It marks 
a new departure in the development of Indian industries, for it is 
a body composed mainly of unofl&cials administering funds contri- 
buted by the cotton trade and industry for the improvement of that 
industry. It has initiated a well-balanced and adequately financed 
programme of research work and, during the two years of its 
existence, has made very important progress towards the solution of 
the many problems which the improvement of cotton-growing in 
India involves. Not only has the industry itself provided funds for 
its own improvement, but individual representatives of its various 
branches, gentlemen occupying important positions in the commer- 
cial world, have given unstintedly of their time and thought. Team 
work of this .nature, where aU interested in the improvernent of 
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cotton together, cannot fail to be of tlie greatest value. The 
Uommittee has fully justified the confidence wiiich the Government 
of India and the Indian Legislature reposed in it when in January 
last the Coniniittee was given a definite constitution and permanently 
incorporated by a, special Act. 

In conclusion, I would venture to remind you of the stress 
laid by two past Presidents of this Section on two important aspects 
of agihmltural work. In 1918, Dr. Coleman urged the necessity 
for accuracy in agricultural investigations and for accurate field 
experiments. In 1921, Mr. Milligan drew attention to the many- 
sided nature of the problems with which the agricultural investigator 
is confronted and urged the desirability of more team work directed 
to the solution of a particular problem or group of problems. Not 
only in respect of the crop which we have been discussing but in 
regard to all agricultural investigations in India, there was perhaps 
never a time when these two maxims stood so much in need of 
emphasis. Now that every Agricultural Department is busily 
engaged in developing the successful results of earlier experimental 
work, there is no small danger that., during a period of financial 
stringency, the necessity of adequate provision for further research 
and experiment may be overlooked or discounted. On the other 
hand, the next advances in agricultural improvement may only 
be achieved after much patient and laborious investigation, for in 
many instances we have only just come to grips with the essential 
features of our major problems. 

Superficial or inadequately conducted experiments are no 
more justifiable in applied science than in. the pure sciences. Only 
by patient and co-ordinated effort are lasting results likely to be 
achieved. 
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THE JAMSHEDPUE ACTIVATED SLUDGE 

SEWAGE DISPOSAL WORKS. ' 

BY 

P. C. TEMPLE, M.I.C.E., M.I.M.E., M.I.E. (Ind.), F.R.S.I., M.T.P.I. ; 

AND 

V. N. SARANGDHAR, M.A., B.Sc., A.I.CL A.I.I.E. 

When the town of Jamshedpur or Sakchi, as it Avas then called, 
was first built, it was laid out to accommodate about 8,000 to 10,000 
workmen, which were sufficient to supply the needs of the Tata 
Iron and Steel Works, as they were originally planned. With the 
extension of the Works the town has grown until there is a popula- 
tion of more than 50,000 situated near the Steel Works. 

The sewmge of the original toAAm was disposed of in two septic 
tank installations wdiich Avere quite adequate and entirely satisfac- 
tory. The effluent from these septic tanks ran down mlas and 
ultimately found its Avay into the rivers which embrace the towm 
on two sides. The purification was so far complete that sewage 
contamination could only be traced a very short distance doAvn 
from the points at AAhich the effluents entered the rivers. 

In the latter half of 1916, the Company realized that, in view 
of the expected extensions of the town and Avorks, competent 
advice should be taken to ensure satisfactory drainage and sanita- 
tion of the toAvn. For this purpose Lt.-Col. Glemesha, M.D., 
M.R.C.S., D.P.H., I.M.S., Sanitary Commissioner to the Government 
of India, AA’-as consulted and he made a report, in the course of Avhich 
he advised that a neAV method of treating seAvage, namely, the 
activated sludge process, had been discovered, and that it was more 
satisfactory than septic tanks for many reasons. In 1918, 
Dr. Gilbert J, Fowler, D.Sc., F.I.C., of the Indian Institute of Science, 

( 369 ) 



Baiigalorej was consiiltcds and ho oxplaniccl tlic advantages otiBred 

by tbe activated sludge system of disposal inasmueb as it claimed 
to produce a clear noii-putrefactive effluent and a sludge rich in 
nitrogen and free from any offensive odour and thus valuable as a 
fertilizer. At that time there was no activated sludge plant working 
in India and doubts were raised regarding the suitability of the 

A series of laboratory experiments were 

of Dr. Dowler, 
ortginal experiments and in the 


process for this country, 

inaugurated at Bangalore under the supervision 
who took an active part in th 
original design of the activated sludge plant. These experiments 
clearly demonstrated the feasibility of working the process on a 
small scale, and it was decided to deal with the sewage of an addi- 
tional part of the town, which had to be cared for immediately, 
in an activated sludge plant, which would form a practical disposal 
works for that part of the town, provided the process was a success, 
and an experimental station for determining the design of the 

enlarged plant necessary to take care of the whole town. 

Conditions were such that it was necessary to ^ump the sewage 
either before or after it passed through the disposal works. A 
pumping station was, therefore, erected consisting of a well cal- 
culated to contain about 12 hours’ flow of sewage, which would be 
a safeguard if there should be a temporary stoppage of the pumps, 
and designed to act as a grit catcher, and a pump chamber con- 
taining two stereophagus pumps delivering into a 7-in. cast iron 
rising main 6,214 feet long leading to the site selected for the disposal 
works. This site, which is on the summit of a ridge, was chosen 
because it commands for gravity irrigation an area of about 
1,000 acres of arable land. 

From the gaugings made in existing sewers and surface drains 
it was estimated that the quantity of sewage to be dealt with 
daily woulcf be 120,000 gallons from some 3,000 persons. The 
activated sludge plant was constructed to designs prepared by 
Activated Sludge, Ltd., nominally capable of handling up to 150,000 
gallons per day, for 3,000 persons at 50 gallons per head. It consists 
of three aeration tanks, aU leading out of and back into a bye-pass 
channel, a settling tank, a sludge re-aeration tank and blower house 
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containing two blowers. The total capacity of tbe tanks is 
150,000 gallons. Wben serving 3,000 persons, therefore, the tank 
capacity is about 2 c.ft. per head. 

The tanks are constructed of masonry work and are built above 
ground-level, as both the effluent and sludge are used for irrigation, 
and it was desirable to retain as much “ head ” as possible. The 
bottom of the settling tank is hopper-shaped and below ground- 
level. From the bottom of the hopper an air-lift leads into the 
re-aeration tank. The incoming sewage is admitted at the point 
where the re-aerated sludge falls into the head of the bye-pass 
channel. By means of the bye-pass channel the aeration tanks 
can be used all three together, or either one or two can be isolated. 
The tanic works only on a continuous-flow system, the amount 
of effluent overfiowiirg at the end depending on the amount of 
fresh sewage pumped in. 

When working at the rate of 150,000 gallons per day and 
when there is approximately 20 per cent, of sludge accumulated 
in the tank the detention period is about 5 hours. 

The air equipment consists of two rotary blowers which were 
intended to be driven by electric motors, but owing to delay in 
obtaining current, are driven temporarily by an oil engine and a 
portable steam engine. The air is distributed by means of cast 
iron pipes laid on the walls leading to diffusers supplied by the 
Activated Sludge Co. The diffusers are laid in shallow troughs 
in the bottom of the aeration and re-aeration tanks. 

The plant was first put into operation towards the end of 
November 1921. The characteristic activated sludge action was 
visible in the tank at the end of 24 hours, and after 48 hours’ aeration 
the sludge could be distinctly settled out in a bottle leaving a clear 
effluent with the following analysis in parts per 100, 009 : — 


, - .. 





AGRICULTURAIi JOURNAL OP INDIA 


Crude seioage afuilt/sis 


Nitrite I Nitrate 


Analysis of effluent. 


Nitrite 
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Moisturo 

Or^JMiic matter 

Ash (mineral matter) 

Nitrogen by Kjeldluti 
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Tie sludge tiat ias been used in cultivation and incorporated 
in tie soil ias not so far created any nuisance in tie locality. 

In addition to tie success in purifying sewage, the use of the 
elEuent and sludge for irrigation and fertilizing land has been very 
successful. Several acres of land which are in the natiire of hard 
gravel (kjiown as moorum) and which wei'e rejected by all the 



indigenous cultivators as totally barren are slowly changing their 
texture by constant irrigation with sludge. Organic humus and 
nitrogen are being supplied by the sludge, and in one particular 
plot four crops, namely, oats, maize, beans and cabbages, were 
raised within the period of one year. The yield and growth of 
various crops such as maize, beans, sugarcane, oats, and market 
vegetables, such as cabbages, cauli-flowers, brinjals, peas and other 
varieties, have been quite satisfactory. The sugarcane was grown 
on good paddv land, the yield being as follows : — 


These results were obtained over an area of a little over three 
acres and may therefore be accepted as practical. 

A series of experiments was made to compare the efficiency of 
sludge as a fertilizer with other natural and artificial fertilizers. A 
piece of the barren land referred to above was selected and was 
divided into 10 plots, each of ^’jyth acre. 

Five of these plots were irrigated with water supplied from the 
town mains ; the other five with activated sludge effluent. The 
plots were manured as shown below. The activated sludge being 
liquid was distributed by making small channels in the plots. 
The sludge was dry in a little over 24 hours and when quite dry 
was mixed with the soil by ploughing. During these operations 
here was no nuisance of any kind. In plot 8 the sludge was 
ipplied on 7th December, 1922, and in plot 7 on 9th December. 
[922. Cowdung and ammonium sulphate used in other plots were 


Class of co-ne 

Weight pei’ acre 

No. of canes per acre 


lb. . 


J 247 (thin) . . 

120,000 

' '51,900 

New Guinea 22 (thick) 

108,000 

.■ 27,600 - 

New Guinea 15 (thick) 

76,160 

■ ■['15,300' ■ 



were 
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December, 2|- lb. of oats were sown in eaclvplot. 

Within a week the seeds germinated, approximately equally in 


all the plots. In the “third week of January, plots 7 and 8 were 
looking best of all. No. 1 by this time was very poor. In the 
second week of February, No. 7, had such a heavy growth that it 



was thought advisable to cut the plots and conclude the experiments, 
but before a decision was reached a hailstorm on 10th February, 
1923, made it necessary to cut immediately. Kesults are indicated 
in the tabular statement given below. 

It is worth noting that the mere addition of inorganic nitrogen 
in plots 2 and 9 did not help the plants as much as the inorganic 
nitrogen combined with organic manure did in plot 3. This is in 
agreement with the experiments at Eothamsted farm. Plot 6 
is very interesting. It was not manured deliberately in any way, 
but only irrigated with activated sludge effluent. The most probable 
explanation is that some sludge, which may have been sticking to 
the sides of the main irrigation channel, was picked up and carried 
to the plot by the effluent. Comparing plots 7, 8 and also 
6 if the assumption is true, it appears that the activated sludge is 
easily available to the plants and the more it is added (provided 
the toxic point is not reached) the better the result. This should be 
borne in mind when the correct proportion of seed for growing 
green fodder is being considered. It appears probable that if 
the quantity of seed in plots 7 and 8 were reduced to half, the 
individual plants would have thriven better and the ultimate yield 
would have been as good. 

A comparison of the amount of “ dry mattqr ” added to 
plots 7, 8 and 10 is interesting. In plot 7 it is 50 lb. given 
in 1,000 gallons of sludge. In plot 8 it is only 10 lb. given in 
500 gallons of sludge. (The sludge on the latter day happened 
to contain more moisture and therefore less “ dry matter ” per unit 
volume.) In plot 10 it is 560 lb. The farmyard manure in 
plot 10 has given a fine yield, but it is less than that of plot 8, 
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where there was only one-fourth of the nitrogen and one-fifty -sixth 
of the Aveight of dry matter. This fact would become of great 
importance if the sludge is ever dried and sold as manure, for the 
cost of bringing it to the site AAmuld be comparatively small. 

The experiments are only those of one season, and the figures 
are those for small plots, ^c-re ; btit combined AAuth the 

visible results on the cultivation of some thirty acres, and the 
satisfactory character and analyses of the effluent from the sanitary 
point of view, they clearly indicate that the activated sludge system 
is remarkably well suited to Indian conditions both as a method of 
sewage purification and as a means of producing a valuable fertilizer. 

In order to arrive at some comparison betw^een the cost of 
sewage disposal by this method and by the method of septic tanks 
and filters comparative estimates have been made. The actiA^ated 
sludge plant without the prime moA^ers for the blowers costs 
Rs. 22,100. Such machinery as was available has been adopted for 
the service, and not being properly proportionate to this Avork 
cannot run as economically as the plant should, be running. 
Supposing poAver Avas available at a distance of 2,000 ft., the electric 
Aviring and machinery would cost about Rs. 12,500, making a total of 
Rs. 34,600. The cost of running charges for motors, blovA-ers and 
all necessary attention to the activated sludge tank Avould come to 
about Rs. 2,200 per annum, Avith poAver at 2 annas per unit. An 
alternative method Avould be to use small oil engines to drive the 
blowers, the capital cost of Avliich Avould be about Rs. 6,000, 
making a total capital cost of Rs. 28,100. The running costs 
AADuld then be about Rs. 7,000 per annum. 

The capital cost of a septic tank and filter installation to turn 
out an efffuent of approximately the same quality Avouid be about 
Rs. 37,000 an.d the cost of annual maintenance AAUjnld be about 
Rs. 3,200. The annual cost of running the actiAaited sludge plant, 
if cheap electric current is not available, therefore, is rather more 
than double the cost of the septic tank and filter plant, but the 
crops produced by the effluent and sludge of the activated sludge 
plant Avill be at least Rs. 4,000 more valuable than the crops 
produced by the effluent of the septic tank and filters. 
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For a plant of tills size, therefore, it appears that the capital 
cost and net cost of maintenance are approximately equal This 
does not consider any cost of land. The septic tank and filter 
installation will require an area five times as large as the activated 
sludge plant. 


Experiments with oats manured in different waifS. 





Added 







Plot 

No. 

Area 

of 

ea,ch 

plot 

Manure 
per plot 

nitro- 
gen 
in lb. 
per 

Irriga- 

tion 

Ob.servation 

Height 

in 

inches 

Vield in ib. 
l>er plot 
of green 
fodder 

It'ield in 
lb. per 
acre 

X ieid 
in 

units 

per 



plot 






acre 

1 


No 

nil 

Water 

Growing in 

14 

' 29 

1,160 

1*0 


acre. 

manure 



thin patches 


(25-2-1923)* 







of pale 
gi'een colour. 





2 

Du. 

7 lb. 

1-4 

Do. 

Do. 

16 

62 

2,480 

2*1 



aminonium 





(25-2-1923) 




siiljjliate 







3 

Du. 

Cuwduiig 

1*4 

Do. 

Gro wing well 

17 

336 

13,440 

11*6 



140 lb. ; 



in thick 


(15-2-1923) 





ammonium 



patches of 






sulphfite 



both pale 







^ lb. 



and dark 
green colour. 





4 

Do. 

Co welling 

P4 

Do. 

G ro wing well 

19 

194 

7,760 

6-7 



2S0 lb. 



like No. 3. 


( 1-1-2-1923) 



5 

Du. 

Cowdung 

2-8 

Do. 

Do. 

24 

222*5 ■ 

8,900 

7*7' 



oOO lb. 





(14-2-1923) 



Li 

Do. 

No 

nil 

: A. 8. 

Growing Aveli 

21- , 

360*5 

14,420 

12*4 



manure 


effluen t 

wdthdark 
green colour. 


(13-2-1923) 

• 


7 

Do. 

xA.etivatecl 

3*5 

Do. 

Growing very 

30 

762 

3<J,480 

26*3 



aludge 
1,000 gals. ; 
uO ib. 

dry matter 



thick with 
dark green 
colour, roots 
deprived of 


(13-2-1923) 







light. 



1 


8 

Do. 

Activated 

0*7 

Do. 

Growing 

31 

449 

17,960 

15*5 

sludge 



thickly with 


,(12-2-1923) 





500 gals. ; 



dark green 







10 lb. 



colour, roots 







dry mattm’ 



deprived of 
light. 





9 

Du. 

Ammo- 

1*4 

Do. 

Growing in 

23 

128 

5,120 

■ 4 - 4 ". 

nium 



thin patches. 


(12-*2-1923) 


*1' 

10 

Do, 

sulphate 

7 lb. 

Cowdung 

2-8 

Do. 

Growing 

32 

410 

16,400 

14*1 

560 lb. 



well with 
dark green 


(12-2-1923) 










colour. 






* Date cutting. 



NOTE ON DISEASES OP SHEEP, 


R. BRANFORD, M.R.C.V.S., 
Superintendent, Government Cattle Farm, Hissar 


This subject has been suggested for discussion at the Conference, 
not because the writer has had much experience of sheex) diseases, 
but because he believes that there is a large annual loss of sheep and 
wool, at any rate in parts of India, much of which could be prevented 
if (1) more veterinary medical aid were available, (2) the sheep 
owners Avould avail themselves of it, and (3) the usual methods of 
disease control adopted in more advanced countries could be 
applied. . 

According to the census of 1914, the number of sheep in the 
Punjab was 4-|- millions ; this number had decreased to 4 millions 
according to the 1919 census. In spite of the very poor grazing 
usually available in the plains of the Punjab, the number seems 
extraordinarily small. In the Cape Colony, not much larger than 
the Punjab, for example, there were over 16 million sheep in 1921. 

The small number and decrease may be partly accounted for 
by extension of canals and consequent decrease in grazing areas, 
but it seems reasonable to assume that heavy casualties are at least 
partly responsible. I think our discussion on diseases will support 
this view. 

In passing, with a view to emphasizing the case for more 
attention for sheep diseases, I would like to point out that sheep in 
many parts of India, certainly in the Punjab, are valuable animals. 
They carry wool which has oscillated in value durmg the past 
few years between 4 annas and 1 2 annas per lb. If properly looked 
after they yield about 4 lb. of avooI per year. Assuming 4 million 
sheep yield only 2 lb. per head at 6 annas per lb., the value is 

* Submitted to the Second Meeting of Veterinary Officers in India, Guloutba, 1923 . 
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30 laklis oi rupees per year. Tire amount coulfl be doubled if we 

could control skin diseases. 

Mutton in most Pmijab cities is now about 6 aTinas per lb. 
Punjab sheep in decent condition average about 40 lb. of nuitton, 
so that even at 4 annas per lb. a sheep is worth Es. 10 to the butcher. 
If the sheep are welh looked after and fed, the mutton is of good 
quality. 

The sheep could easily be graded up to yield much more than 
40 lb., but even at Es. 10 each loss from disease soon runs into 
large sums of money. The writer has not been able to discover 
any statistics from which he can give any estimate of the b^ss by 
disease. Putting it at the very low estimate of 5 per cent, (it is 
probably nearer 50), deaths from disease in the Punjab vould be 


Internal parasites. So far as the writer’s experience goes, the 
most important disease, or rather parasitic infection of sheep in the 
Punjab, is uifection by HcBmonchiis mriiortus, commonly known 
as the stomach wire worm. Certainly the flock on the Hissar 
farm has suffered more from this parasite than from any other; 
this has happened in spite of the fact that Hissar is one of the driest 
districts in India, the average annual rainfall being under 14 inches. 
Long periods of drought are common ; for example, from 5th August, 
1920, till 10th June, 1921, the rainfall amounted to less than one- 
tenth. of an inch. Such conditions must be very uncongenial to the 
parasite, yet it was found in the stomachs of sheep, the deaths of 
which were attributed to pneumonia in May and June 1921. 

No doubt the presence of canals accounts for its surviving in 
Hissar. But if it can flourish in Hissar under such adverse condi- 
tions, how much more common must it be in other parts of the 
province and of India where conditions are favourable ? Statistics 
of casualties on the Hissar fa7Tn, attributed to the parasite, have 
not been given, as we invariably treat the flocks as soon as we 
discover the parasite and they would give no indication of mortality 
under usual conditions in India. The writer hopes, so far as this 
farm is concerned, "eventually to get rid of the parasite altogether, 
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by treatment on tbe lines recommended by the Union of South 
jlfi'ica Yeterinary Department. 

Several drugs and methods of administration are recommended 
by the South African authorities. Copper sulphate in solution is 
the drug the writer generally uses. He has not found it difficult 
to train men to drench the sheep without untoward results. 

In South Africa, Emmonthm contm'tus is said to cause more 
losses among sheep and goats than any other internal parasite. 
The Veterinaiy Department there has done a great deal of work 
in connection with it, and has published many valuable papers 
on it in the “ South African Journal of Agriculture.” 

The next most common parasite at Hissar is (Esoplmgostom uni 
columbianvm, the cause of the so-called nodular disease of the 
intestines of sheep. Considerable losses are attributed to this 
parasite in South Africa. It is not believed to be the cause of much 
loss to country-bred sheep in the Punjab. However, pure merinos 
imported from Australia to Hissar suffered very severely from 
it, and many died from it. The writer often found portions of the 
colon almost completely occluded by it. However, very severe 
lesions were also found in sheep which undoubtedly died from 
other causes. 

During the last four years the average number of sheep on the 
Hissar farm has been 500 ewes, lo rams, and about 300 weaned 
lambs. During this time only one or two deaths have beoji 
attributed to this parasite. The worm, how'ever, can generally be 
found if searched for at post-mortem examination. 

As regards internal parasites, any besides the above two are 
not of any eeoiromic importance in the dry parts of the Punjab. 

The alimentary canals of sheep are, however, fine fields for the 
parasitologist in the wet and riverine tracts. Colonels Walker 
and Baldrey writing in the now defunct " Journal of Tropical Yeteri- 
nary Science ” both mention several parasites found by them 
while investigating a disease locally known as “ Gillar.” This 
disease appears to be a veritable scourge. Xinety per cent, of sheep 
in affected areas are said to become infected, and 90 per cent, of 
animals attacked die, Neither of the above investigators came to 
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any definite conclusions as to which parasite was thg cause of the 
disease, but both mention the finding of Hcenionehus coMartus 
which is capable of causing most of the symptoms described. 

Fluke is a source of heavy losses in the Himalayas and foot- 
hills. No case has hitherto occurred in Hissar, but the question 
whether there is any danger of this disease being spread by the 

agency of canals is worth inquiring into'. 

External 'parasites. The only one that has given much trouble 
at Hissar is the scab parasite. The one or two outbreaks w'hich 
occurred were, however, speedily stamped out by the usual dipping 
methods. 

There seems to be some difference of opinion as to the preva- 
lence of scab in India. In addition to the outbreaks at Hissar, 
the writer has several times seen scabby sheep m the neighbourhood. 
Mr. Cattell, when Superintendent, Civil Veterinary Department, 
Baluchistan, reported that it was very prevalent there 

Dr. Mollison, first Inspector-General of Agriculture in India, 
who was much interested in live stock generally, and wrote a 
volume on stock breeding for his Text-book of Indian Agriculture, 
however, writes as if he thought the disease was non-existent in the 
Bombay Presidency, and considering how largely sheep .scab looms 
in the veterinary and agricultural literature of mo.st other countries, 
it certainly seems to have received very little attention in this. 
It is hoped that discussion in this conference may add to our know- 
ledge as regards its prevalence. Po,ssibly the fact that Indian 
sheep are usually shorn twice, and sometimes three times, anmiaUv 
may play some part in checking the spread of the disease. Any 
way as we know that the disease does exist in India and realize 
the losses of and preventive measures adopted by other countries, 
it would probably pay India to adopt similar measures. But the 
Veterinary Department and the Police are not in the 'present state 
of their organization capable of supervising and enforcing such 
regulations as are enforced in other countries. 

Larvae of CEstrus ovis are common in sheep all over the country. 
Irritation due to them may cause loss of condition, but they are not 
of much economic importance. 
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Blow flj niaggots in wet seasons are a source of very serious 
loss. Even at Hissar, when we get any rain in the monsoon period, 
sheep require a good deal of attention if they are to be kept free 
from maggots. 

Microhic diseases. So far as the Hissar farm is concerned, 
pneumonia has caused far more deaths tlran any other disease. 
Pneumonia is a veritable 'scourge of young lambs in the cold 
weather, and generally seems connected in some way with 
malnutrition. For example, in young lambs, deaths are practically 
confined to the months of January and February. In these months 
grazing is generally scanty and the time for grazing is short, and 
ewes have very little milk. The lambs die at about 3 weeks old. 
Deaths cease abruptly in March, when the days get longer and 
grazing on canal banks, etc., improves. In older animals also 
outbreaks of pneumonia have always been seen at times when 
grazing was short, and the sheep in poor condition. Changing to 
better pasture or stall-feeding have proved the best method of 
treatment. I should like to note in passing that change of grazing 
and also changing the folds, if the sheep are folded or taken in at 
night, is generally worth trying if one is called to deal with any 
obscure outbreak in sheep. 

As regards young lambs dying in January and February, a 
simple way to deal with the problem is to arrange to liave no births 
in the cold weather. Since the Indian custom of running rams 
with ewes all the year round was given up, losses in young himbs at 
the Hissar farm have been reduced to practically nil. 8oon after 
the writer joined the farm, out of 90 lambs born in December, 
January and February, 71 died of pneumonia. 

Anthrax is also the cause of a good deal of mortality in sheep. 
The bad reputation of East Indian wool at home tends to support 
this theory. Personally the writer has not liad much experience 
of anthrax in sheep, as the Hissar farm was entirely free from this 
disease from the date the Civil Veterinary Department took it over 
in 1899 till 1920. In the col(i'"weather ^of 1920-21 an outbreak of 
this disease in cattle was accompanied by a few deaths in sheep. 
One miglit suppose that under certain circumstances very serious 
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casualties must sometimes occur. A full discussion on this subject 
has, however, been provided for under another 'head in our 
agenda. 

Foot-and-mouth disease is very common in sheep in the Punjab, 
but as a rule seems even milder in indigenous sheep than cattle. 
It is, however, a very serious disease in sheep imported from coun- 
tries free from the disease. Pure merinos suffer very severely, and 
several have died from this disease at Hissar. Mouth lesions were 
the most severe, with the tongues often so much swollen that they 
could not be retained in the animals’ mouths. 

Although a case of sheep pox has not come vmder the writer’s 
notice, it is a common disease in India. Imported merinos in an 
outbreak at Hissar, before I joined the farm, suffered severely. 

Foot rot is another disease from which losses are serious in 
some parts of India. 

Rinderpest. Several outbreaks of rinderpest in sheep have been 
recorded in India, but the writer has never seen a case and personally 
believes that Indian sheep are highly immune. While he was at 
Muktesar, Holmes failed to infect two sheep experimentally. There 
were outbreaks on the Hissar farm in cattle in 1914, 1917, 1918 and 
1920. The 1917 outbreak was particularly severe and the infection 
was present on the farm for 9 months ; by that time nearly all the 
sheep in the farm were half or three-quarter bred merinos. One 
flock was running with and gracing ivith affected cattle, but no sheep 
was ever attacked. Most reported outbreaks in India are probably 
cases of wrong diagnosis by the Veterinary Assistants and are 
generally parasitic infections in reality. 

The writer does not pretend to have mentioned all the diseases 
of sheep in India, or even in the Pimjab. He claims to have 
mentioned some of the most important, and that losses due to them 
must cost this country many lakhs of rupees. He Thinks it very 
striking in reviewing this list ivhich was made without any view to 
that end, how peculiarly suitable the conditions are for veterinary 
medical intervention. Wire worm, for example, is one of the few 
internal parasites we can reach with drugs. Over 5 million doses 
of their wire worm remedy were issued in 1921 by the Union of 
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KSoutli Africa ^Veterinary Department. Losses from manj^ other 
pai’asitic afiections conld be diminish ed if more advice from our 
departmejit were available and we could find listeners. I do not 
idaim that Indian owners drive their sheep to graze in swamps, just 
beoiiuse they like to have them die as some people seem sometimes 
to assume. In fact, the swamp is often the CMily place, at least in the 
Punjab, where there is anything to graze. Propaganda work and 
advice on such subjects are, however, very urgently necessary. 

Losses from external parasites are likewise amenable to 
treatment, although it is doubtful if much can really be done, to 
check scab witbout compulsory dipping. 

We are, however, discussing legislation in eonuection with the 
control of disease under a separate head in our agenda. Personallv, 
the writer does not think legislation is of mucli use unless it can 
be given effect to, and doubts if the average ^^etei-inary Assistant 
could be trusted to supercdse clipping. He once had it severely 
impressed on himself that a picked Veterinarv Inspector from 




COIMBATORE SUGARCANE SEEDLING 232 AT BIROWLIE 


ArrUj TRIALS OP COIMBATORE f^ITIABC A.NE 
seedlings 232 AND 233. 


BY 

WYNNE SAYER, B.A . 

A In a previous article entitled “ Mill Trials of Selected Coi.n- 
tjatore Seedling's ” prdilished in this .Totirnal (\ ol. XVlfl Part III) 
tlie present writer lias fully descrilied the nature of the testing work 
on cane being done and the method of cane growing followed at 
Pnsa and the iniportance of the factory teste which are arranoed 
lor, with awuew to obtain reliable data for the guidance botirof 
the sugar industry and the cane growers. It is, therefore, not 
proposed to repeat the details given there. Suffice it to say that liy 
the method of short planting successfully adopted at Pusa two 
new- varieties, Co 232 and Co 233, were rapidly multiplied, and three 
acres under the former and one acre under the latter were put 
down in February 1923. The crop was grown in a rather sandv 
field at Birowlie (Plate X) about tevo miles away from Pusa, whicli 
was rented for the purpose. As usual, the cane was planted in 
February according to the Pusa method described in the article 
already referred to and was cut on the 18th December. Half a 
ton of castor cake per acre was given at the time of planting and a 
dressing of another half ton given at the break of the rains. The 
canes were grown without irrigation but they stood the hot weather 
remarkably well. Unfortunately the rainfall of 1923 was most 
disappointing in this part of North Bihar, only 26 iimhes of rain 
being registered against an average of 45 inches. Even then while 
the local cane Bhurli suffered badly, these canes gave a fair yield. 
While these canes grew well, the deficiency in rainfall was extremely 
marked when it came to -the actual tonnage weight. The canes 
grew to a good height but failed to swell to the normal extent in an 

( 385 ) 
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average year,. and it is perfectly evident that, however well a cane 
may withstand drought, actual tonnage is linked to the rainfall. 
In hTorth Bihar, cane is grown without irrigation and any great 
deficiency in the rainfall, such as occurred this year, is hound to be 
shown in the yield, however strong the cane may be. Three 
hundred and sixty maunds * stripped cane per acre was obtained in 
the case of Co 232, while Co 233 yielded only 220 maunds. The 
whole crop was practically free from any insect pest or fungus 
disease. It was evident that Co 233 is not able to withstand such 
conditions, and further tests on this cane will be discontinued. 

Both Co 232 and Co 233 are seedlings of the same parents — 
P. O! J. 213 and Katha (a Punjab cane)— but they vary in a number 
of characters. Co 232 is a straight growing and early ripening cane 
with fair vigour and good habit, but it has not been found to tiller 
so well as Co 213 or Co 210. It is too early yet to pronounce defi- 
nitely regarding this cane owing to the abnormality of the season 
in this part of Bihar. As it is highly important to have an early 
cane to replace Co 214 if the latter shows signs of deterioration or 
tends to emphasize its present twisted habit in the cultivators’ 
fields, the writer has again put down three acres of this cane in 1924 
with a view to find out whether, in point of tonnage, it comes up 
to the standard of Co 214, i.e., to at least 20 tons per acre. Co 232 
is an early cane of erect growth and if it proves a good tonnage 
cane in a normal season, it can be used to supersede Co 214, but at 
present no definite decision can be arrived at on this point. It is 
necessary to emphasize that the great desideratum of the white 
sugar tract in India is an early cane with a fair tonnage. Growers 
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put through the Champaran Sugar Factory at Barraji— such delay 
always militates against a really early ripening cane — ^and by the 
time they were crushed both canes were over-ripe. The following 
are the results of the mill trial : — 


I 



Cane nids. 

Sugai* per cent, 
on cane 

Fibre per cent. 

I on cane 

Co 232 . . 

932 

12-63 

■ 15*5d 

Co 233 . . 

148 

10'35 

17*13 


II 

Analysis of first juice. 



Brix 

Purity 

Co 232 .. 

21-00 

77-61 

Co 233 

20-00 

69-30 


Ill 

Analysis of mixed juice. 



1 Cane mds. 

1 

Brix 

Sugar 

Purity 

Co 232 . . 


i9-20 

14-20 

73*95 

Co 233vv'.. I 


16-00 

10-49 

65 '56 


It will be seen that Co 232 is better in the mill than Co 233, 
but even Co 232 does not in these results show itself to be very 
desirable from the factory point of view ; while the Brix of the 
first juice was 21, the purity was only 77, and the percentage of 
fibre, 15-5, is higher than the mills like. 

To sum up. The result of tlus year’s experiment has been to 
prove that in Co 232 we have a fairly tall, straight growing cane 
with the character of early ripening and a good sucrose content. 
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It now remains to find out wlietlier in a normal season it will yield 
about 600 maunds of stripped cane per acre, and whether healthy 
well-grown cane of this variety when subjected to a mill trial when 
fully mature shows better purity. It has already been mentioned 
above that much of the cane supplied to the factory was over-ripe, 
and hence the analytical results require further confiirmation by 
comparison with the results obtained with a crop grown under 
normal conditions of rainfall and crushed at the right time. It 
is proposed to have such a test carried out in November next along 
with further tests of other canes. 

In conclusion, the Avriter wishes to express his obligations to 
xMcssrs. Begg, Sutherland & Co., Cawnpore, not only for financing 
this experiment but also for allowing the mill trial to be carried 
out at their factory, and to Mr. Noel Deerr, Sugar Technologist, for 
valuable assistance rendered in connection with tliese mill tj-ials. 



NOTES OK maintenance RATIONS.^ 

BY 

G. P. Gom, 

Assistant, Imperial Bacteriobgical Laboratory, Muktesdr. 

In 1914, Murrayi published an account of a method by which 
the maintenance rations for oxen of varying Aveights might be 
accurately ascertained. The following notes are to a large extent 
based on his work. 

A feeding standard is formulated when the amount of food that 
an animal of 1,000 lb. body weight requires for specific purpose, 
iirespective of its acttial size, is reduced to terms of digestible 
nutrients. In the same W'ay Ave can express a feeding standard by 
stating that an animal of like AA’^eight and for an identical purpose 
lequii'es that quantity of food AA'hich AAn'll yield a given amount of 
available energy. BotJi are the same feeding standard expressed 
in different terms. The common method of stating feeding standards 
is pel 1,000 lb. body AA’eighfc, and it is likely to be inferred from this 
that the requirements of animals of increasing and decreasing 
Aveights can be calculated by the rule of three ; that such is not the 
case AA’ill be proved later. 

lliat the food requirements of animals are not propor- 
tional to their mass has long been an established fact, and the 
histori(,-al notes giA^en by Lusk® and others are not AAithout interest. 

►Saiius and J\ameaux (1839) stated that since the loss of heat iii 
animals must be projiortioiial to their surface area, therefore the 
heat production must be proportional to the same unit. 

Beigiuann (1843) suggested that the food requirements of 
animals are not proiiortional to their mass, but he gave no experi- 

niental data to support his statement. 

» Paper read at the joint meeting of the Sections of Agi-icultni-c and Botany, Indian Science 
Congresss, lAicknow', A .suninuuy of this paper Iimh hceii included in Fvm, Agri, Rcb. Insi. 

Bull 150, 

^ CheuL of Oaiile Reeding and Dairying. 

® Jour. Amer. Med. Asso., 77 , p. 250, 1921* 

( 38y ) ^ 
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rJegnault.. and Reiset (1849) wrote:— “Tlie consumption of 
oxygen absorbed varies greatiy in different animals per unit of body 
weight. It is ten times greater in sparrows than in chickens. 
Since the different species have the same body temperature and 
the smaller ones present a relatively larger area to environmental air, 
they experience a substantial cooling effect, and it becomes necessary 
that the sources of heat production operate more energetically and 
that respiration increases.” 

Bidder and Schmidt (1852) made the following statement 
which is thoroughly modern in its conception : “ The extent of the 
respiration, like every other component of the metabolism process, 
is to be regarded as a function of one variable, the food taken, and 
one constant, a distinctly typical metallolism (Respirationsgrosse) 
which varies with the age and sex of the individual. This factor 
characterizes every animal of a given race, size, age and sex. It 
is just as constant and cliaracteristic as the anatomic structure 
and corresponding mechanical arrangements of the body. It is 
in the main determined by the heat coirsumptiou in^the organism : 
that is to say, the replacement quota for the heat lost to the body 
through radiation and conduction to the environment in a given 
unit of time. It may, therefore, be used to determine this, or in 
case the factor of heat loss is known, one can deduce the extent of the 

metabolism. This typical metabolism is that of the fasting 

animal. It must be nearly the same in animals having the same 
body volume, surface and temperature ; the larger the body surface, 
the body volume and temperature remain constant, or the higher 
the body temperature, with surface and volume constant, the 
higher will be the metabolism as determined by the laws of static 
heat. Of course a sharp mathematical treatment of the phenomenon 
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Meeh published in 1879 a formula for calculating the surface 
area. This formula assumed that the surface was a function of 
the |-rd power of the volume. Since animals contain the same 
materials, weight may be substituted for volume. The result 
thus obtained was multiplied by a constant K which expressed tlie 
relationship of weight in Idlograms to surface area in square meters 
for a given species. 

Eubner was the first investigator to apply exact calculation 
to this problem. In 1883, he gave the results of his detailed quanti- 
tative study and announced that dogs varying in weight from 3 to 
30 kilograms produced the same number of calories per square meter 
of body surface, though per kilogram of body substance the 
heat production was 88 Calories in the smallest dog and only 
36 calories in the largest one. He remarks Large and 
small dogs do not metabolise different quantities of food because 
their cells are differently organized, but because the cooling influences 
on the skin excite the cells to activity.” Riibner at a later date 
realized that the level of basal metabolism could not be caused by 
the influence of cooling on the body. 7\.s the result of his experi- 
mental work Riibner formulated a law governing the relationship 
between mass and surface area ; he established definitely that when 
the mass is increased 9' 75 times, the surface, area of the body is 
only increased 4' 43 times; therefore, we find that animals of tenfold 
mass have only about 4' 7 times the body surface. 

Richet (1885) almost simultaneously made a like discovery, 
which fully confirmed Riibner’s work. He showed that a cat, a 
rabbit and a goose, all of similar weights, produced approximately 
the same amount of heat. He stated that in future one should 
express all calorimetric observations in terms of surface area and not 
in weight. 

Sonden and Tigerstedt (1895) pointed out that the heat produc- 
tion in children during the period of adolescence was relatively 
higher per square meter of surface area than in the adult. 

E. Voit (1901) published the results of his studies on the applica- 
tion of Riibner’s law to other species than dogs. His experiments 
were carried out on man, rabbits, swine, geese and hens, and he 
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found that tl^e law was approximately true for all these species. 
About the same time Oppenheimer showed that the law also holds 
good for infants. 

Dreyer, Ray and Walker (1912-13) found that the surface area, 
blood volume and cross sections of the aorta and trachea are all 
proportional to the I power of the weight. , 

Carl Voit’s conclusion that the mass of the cells and their 
power to oxidize materials determines the height of the metabolism 
was confirmed by Moulton’- (1916). This worker found that the 
surface area was a two-third power function of the total body 
nitrogen of beef cattle and therefore of the protoplasmic mass. 

The principle embodied in Riibner’s law, which is that the basal 
metabolism is a simple function of the* body surface, has been 
disputed by Benedict^ and Dreyer®, and, as Boothby and iSandi- 
ford^ have recently pointed out, such objections in a strict sense are 
quite valid. Nevertheless, as Means and Wood well® state, in a 
broader sense Rlibner’s law has never been disproved, a,ud while 
it may be true that the basal metabolism is not strictly proportional 
to nor perhaps determined by the surface area, the fact remains 
that it is more nearly proportional to this a, rea. than to any one factor 
so far discovered. 

A lai'ge animal, for example, one of 1,00U lb. body weight, has 
j'olatively a, smaller extent of body surface exposed than an animal 
of 100 lb., and consequently the loss of heat per Tiuit of mass Is 
greater it\ the smallei' animal. The following illustration may help 
to make this point clear : a cubic; foot of water weighs ()2'3 lb. 
and has a, surface area of 6 sipiare feet : whihi a culx) of water 
2 feet on the side would weigh oOU lb. and has a snrfa.c(' area 24 
square feet only, i.e., while the area has iuci’ea.sed only 4 times, 
the mass has increa.sed slightly over eight times. 

The aanouht of heat actually radiated from the skin is <;onsider- 
able but at the same ti?ne variable. In. warm weather an animal 


'Jemr. Bio. Chem., 24, |>. 2!>9, I9l(i. 
“ Ho.iUm J/ct/. and fSiu'tj. Jour,, 182, 
IruHxf. }K :J 80 . 

2hiaholir Hale ikhrminalhie 
Arch, JnL Med., 27, p. <308, 1921. 
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loses less heat than in cold weather. Among the factors causing 
loss of heat otlier than variations in the atmospheric temperature 
are exposure to cold winds, rain and snow, and the efiects from 
clipping the coats of animals, etc. Exposure to any of the condi- 
tions such as are detailed above bring about a loss of heat in the 
attempt to maintaiuithe body temperature, and if this is to be 
satisfactorily accomplished more food will have to be consumed. 
If the food supplied is inadequate for this purpose then the body 
tissues are oxidized to make good the insufficiency of the food, the 
result being made manifest by loss of weight and condition. At 
the same time it must be remembered that while warmth and 
shelter lead to a. saving of food, too high a temperature which may 
eventually lead to a loss vf appetite i.s not adv'isable. 

.By the term maintenance ration one implies the food require- 
ments of an annual sufficient for its maintenance in a state of so 
called rest, i.e., in a state of tisme equilibrium, where it achieves no 
gain in body mass, nor performs work on its environment. It i.s 
obvious that this state is merely one of apparent rest for certain, 
.systems of tissues; for example, the heart must perform actual 
work unremittingly while the animal organism survives. It is most 
impoi'tant to keep tliis conception in mind, for the requirements 
of the animal in a state of juaintenance are wholly different, both 
in quantity and chara.cter, from those necessary for various 
clas.ses of pi’oduction. In a ration .supplied solely for maintenance 
purposes, the essential requirements aj-e of the following order : -- 

(1) .Fuel ” to maintain, a. constant level of body tempera- 

ture, and provide the energy required by the systems 
which function unremittingly for the performance 
of their work. 

(2) “ Bepair material ” in the form of nitrogenous “ organic ” 

material to replace the worn out tissue sub.stance, 
and “ inorganic ” salts to replace the small but 
cojitinuously excreted quantities of these necessary 
products in animal metabolism. 

AVitJi regard to the second of these desiderata it has been 
calculated that 0’5 Ib. of digestible protein h: a sulhcieiit amount 
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of nitrogenous organic material to provide in tl'.c maintenance 
ration of an ox of 1,000 lb. body weight. However, it lias been 
pointed out l>y numerous workers that it is not advisable to feed 
protein at tJie minimum experimentally estimated rate. McCollum 
and Simmonds^ state that certain phenomena observed by them 
in the course of feeding experiments, when animals were given 
<piantities of food essentials estimated to be adequate but only 
slightly above the minimum requirements in protein, could be 
attributed to a considerable lowering of the animal vitality. 
Although the following observations refer to productive ration, it 
may be recalled that Haecker showed that the resistance diminishes 
if an animal is kept for long periods on a low protein intake. Reid 
Hunt also showed that restriction of diet played a most important 
part in the variation in resistance offered by animals to certain 
toxic substances. Munk was also of the opinion that a restricted 
protein intake definitely diminished the powers of resistance of 
animals. In the course of an interesting paper on the relation of 
the necessary intake for growth and maintenance, Aron cites a 
paper of Waters in which he showed that if a restricted diet were 
given to calves although limited growth took place the flesh remained 
“ veal ” whilst that of the control animals of the same age became 
“beef.” Briefly, it can be stated that, while it is possible to 
maintain animals in a satisfactory state of health for relatively 
short periods, it has not yet been satisfactorily proved that 
by these means their condition can be maintained for extended 
periods. 

The potential energy of a feeding stuff is measured by the 
amount of heat developed by oxidization. The usual methods of 
expressing this are as small calories (c), kilo calories (C), or therms 
(T). in the method described by Murray the kilo-pound unit is 
used (kt.), and it is that amount of heat which is required to raise 
the temperature of 1,000 lb. of water one degree centigrade. 

The total fuel value of a foodstuff' which is obtained by burning 
the substance in a calorimeter does not indicate the true nutrient 
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value of tlie material under investigation. A certain amounf 
of the foodstuff when fed to the animals always rema'ins unoxidized, 
while other portions are only partially oxidized. The unoxidized 
and partially oxidized fractions of a foodstuff which are excreted 
in the faeces and the urine have to be deducted from the total fuel 
value obtained in the , calorimeter when estimating the available or 
metabolisable energy of a given sample of food. 

Murray gives the following factors for calculating the available 
or metabolism, ble energy or static value of the different feeding 
stuffs : — 


Pure digeMibh rmtrients 

Factof^'i 

Protein . . , . 

4*93 

Fat of oilcakes 

9*40 

Fat of cereals and pulses 

<)'00 

Fat of hay and straw . . 

8*50 

Starch and cellulose 

3*76 


The maintenance ration for an ox weighing 1,000 lb. is based 
by Murray on Wolff’s standard which allows : — 

'Ik ■ 

Digestible crude protein , . . . , . 

Digestible crude fat .. .. .. 0*15 

Digestible nitrogen-free extract and digestible crude fibre . . 8d)0 

The above reduced to terms of available energy contains 35-04 
kt.; a reduction of O'Ol lb. of the digestible nitrogen-free extract and 
digestible crude fibre gives an energy value of 35-00 kt.; this figure 
will be used for calculating the requirement, s of oxen of varying 
weights: — 

Digestible crude protein .. .. 0*75 X 4-93== 3*69 

Digestible crude fat .. .. 0*15 X 8*50 ~ 1*27 

Digestible nitrogen-free extract and digestible 
crude fibre . . . , . . 7*99 X 3'76 :==530*04 

35*60 kt, 

(The reason for using the factor 8-50 for the. fat is due to the 
fact that the maintenance portion of most rations is made up 
of roughages.) 

If the food requirements of animals of varying weights were in 
strict proportion to their live weight, and it be taken that an animal 
of 1,000 lb. live weight requires 35-00 kt. for maintenance purposes 
only, then an animal of 1 lb. would require (35 4-1,000) and for one 
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liowevor, from tho Mtiulies of Riibner and voit that the food 
requirements of animals of varying weights are not proportional to 
their weight ; therefore, the simple formula given shove must be 
discaa’ded. 

It ha.s been pro\'ed that animals of tetifftld mass have approxi- 
mately a, bout five times the radiating surface ; this, taken together 
with other facts of a similar kind, would indicate that their food 
requirements will bear a like relationsliip. The simple formula 
given above must therefore be amended to : when the body weight 
X is les,s than 1,000 something must be added to the propor- 
tional amount and when greater something must be deducted- 
Another way of expressing the above eonclusion is to state that 
when the mass is increased tenfold tlie food should be inercii.sed 
only five times and vice vensa. ^ ^ ^ ^ 

Working with the above data Murray ded need the following 
formula by which it is possible to calculate the maintenance require- 
ments of oxen of an v given weight : — 


E is the amount of available energy (kt.) of the food required 
and M is the live weight of the animal in pounds. 

The above standard given by Murray has been objected to by 
many authorities on the ground that it is higher than is absolutely 
necessary. Most of the present-day standards are based on what is 
known as the “ Modified Wolff-Lelimann fStandard ” which gives the 
requirements of an ox of 1,000 lb. live weight as : - 


Total dry matter 
Digestible crude protein 
33igestible crude fat 
Digestible ii itroge n -f ree 
fibre 


The available energy value (kt.) of tlie above ration using 
Murray’s factors being 30-62 kt., the formula for calculating the 
requirements of animals of varying weights is as follows 

log E =0-7 log M - 0-0139 





or tile other standards .giw-s too low a ration f< 
],000 lb. body weiglit and too great an allow 
weigiiing over 1,000 lb. when compared with the ' 
Leh mann 8ta,ndard .” 

Table I has been prepared to show the availabl 
nient.s of animals ot varying weights aceordiii 
Standard,” the “ Modified \Yolff-Lehmann’s t 
“ Haecker’s Standard. ” The formulae used beirio • 

Womy Stanrlaivl , . _ ^ 

Modified Stnoida rtf fou’ n ^ o*7 lo^ 1 


Haecker’s rations have been calculated by the aid of .Murrax-’s 


factors. 


’,s* Fikiiidatuf, 


'Requirements, 

Total diy matter 
Digestible crade protein 
Digestible crade fat 
Digestible nitrogen-free extract 
Digestible crude fibre . . 


Modified Wolff Lehmamds Standard. 
log A=0*7 log M — 0*8696 
log B=0*7 log M — 2-2549 
log 0=0-7 log M - a-ioo'o 

log D=0*7 log M — 1-2549 


The simple formulae given below are for those who are not 
familiar with logarithms. They provide a ready means for estima- 
ting the requirements of animals of varying Aveights provided the 



. 
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availnble energy or kt. requirements are known for the weiglit of the 
animals to be fed. 

T^cflffiy^fucvis .Modified Woljf-IjBhoiti'iiii -s' 

Tnf-.ii! rli'VT matter .. . . == K -f 2 E ■-• 1*8 

E -f 43*74 , 

E *f *306*2 


Kce/fih‘€)ncid-9 Modified Wolff^Lthouuiyi -s' 

Total dry matter .. . . = E -• 2 E -f TS 

Digestible crude protein . . = E -f 46*7 E -f 43*74 

Digestible cTiide fat , . , . — E -f 233*4 E *r * 306*2 

.Digestible nitrogen dree 4*3806 E -f 4*374 

Digestible crude iibre .. . . ./ '' ' ' " «» 

Table II shows the requirements of animals for maintenance 
purposes only of total dry matter and the different digestible 
nutrients. The figures given under Murray and Modified ^Volff- 
Lehmann have been calculated by the logarithm formulse given 
above, those under Haecker are as given by Larson and Putney. 

The formulae given throughout these notes have been based on 
data obtained from experiments carried out on European and 
American cattle. How far the figures so obtained can be success- 
fully applied to Indian cattle-feeding problems can only he satis- 
factorily settled after a considerable number of prolonged feeding 
experiments have been carried out. 

It may be found that while the Modified Wolff-Lehmann 
Standard will answer for oxen, Murray’s Standard will have to be 
closely followed for buffaloes. The tables given in this paper have 
been compiled with the hope that they may prove of some service to 
workers on nutrition problems in India. 

It is necessary to bear in mind that all feeding standards are 
simply averages and approximations. The tables given are for 
guidance only ; to use them as infallible prescriptions not to be 
varied under any circumstances whatsoever is to invite disaster. 
While a ration may be chemically correct, it may be practically 
wrong. In such cases it is necessary to study the idiosyncrasy 
of the animal concerned, to endeavour to trace the factor or factors 
that are acting in such a manner that the animal in question is 
proving an exception to the general rule and not to condemn blindly 
the chemists’ work. 

According to Murray, the formula given for oxen is also correct 
for horses so that the available energy figures given in Table I 
can be used for this species also. Linton, however, has objected 
to Murray’s maintenance rations for horses on the ground that they 
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are excessively high, l^hirtlier it sliould be noted tliat the forinnia, 
]og E— 0-7 log M -O-ySr) does not Jipply to sheet), the inii,i)it(‘njUK‘(' 
ra.tion torinida. lor this class of animal being log fi=()'7 log M-— O’S. 
If the maintenance rations, for sheep were to be calculated by the 
oxen formula, an animal weighing 100 Ib. would require th;it 
quantity of food which»« would yield 6'93 kt. of available energy, 
whereas it is known tliat an animal of this weight requii*es consider- 
ably less, the amount being 4 to 4'5 kt. according to the texture 
of the wool. 

Table I. 


liody weight. 

AVvUEAnrJO EMEIKIY REQirtEEMENTS 

i Modiliecl 

W' oilT's S5t;ind;u'<] WoltT- l.44iiih*uiri 

1 (SttiiKlard 

Haeciker 

Sta.iida,fd 

IK 

kt. 

{■ ■ kt. ■ 

■ kt. ■ 

JOO 

<>•03 

6-06 


1^)0 

9*21 

! S-09 


200 

11-34 

9-92 


2“><) 

l3-2(:i 

11-00 


300 

15-07 

13-18 


300 

ni-Tl) 

H-69 

.... 

400 

18-43 

16-16 


4r,o 

20-02 

17-51 

.... 

300 

21-54 

18 '86 


'5,50. 

23-03 

20-15 

1 .... 

000 

24-48 

21-42 

j 

050 

25-89 

22-67 

1 .... 

700 

^ 27-27 ■ 

23-85 


750 

28-03 

1 25-03 

.... 

800 

29-94 

1 26-19 

24-49 

850 

31-24 

27-33 

25-98 

000 

32-52 

28-44 

27-55 

050 

33 77 

29-54 

29-04 

1,000 

35-00 

30-<i2 

30-f>2 

1,050 

36-22 

31 -<>6 

32-10 


37-42 

32-73 

33-<kS 

1,150 .. 

38*60 

33-77 

35-09 

.,1,200 ', T 1 

39-77 

34-97 

36-74 

1,250 

40-93 

35-80 

38-i:{ 

1,300 

42-08 

36-80 

39-8h» 

1,350 

43*19 

37-79 

41-29 

1,400 

44-30 

38-7(> 

42-85 

1,450 

45-40 

39-72 

44-40 

1,500 

46-49 

40-67 

45-93 

1,550 

47-57 

41-62 

47-42 

1,000 

48-64 

42-55 

48-99 

1,050 

49-71 

43-48 

.... 

1,700 

50-75 

44-39 

.... 

1,750 

51-80 

45-31 

.... 

1,800 

52-93 

46*22 

.... 

1,850 

53-86 

47*11 . 

.... 

1,000 

54-78 

47-99 


1,950 

55-8$ 

\48-78 

— 

2,000 

56-87 

49-75 

.... 


4 
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Table II 


WOLFFS 


Digestible >^UTRIENTS 


Nitrogen -free 
extract and 
crnde fibre 


Body ^veight Tota i dry matter Crude protein 


MODIFIED WOLFF^LEB MANETS 
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Table Il.—condd, 


MODlFISJD WOLFF^LEEMANN'B 


BiaESTIBLK NUTEIENTS 


Nitrogen-free 
extract and 
crude fibre 


Body weight 


Total dry matter 


Crude protein 


Cj’ude fat 


0*431 

0*460 

0*489 

0*518 

0*545 

0*572 

0*598 

0*624 

0*050 

0*075 

0*700 

0*724 

0*748 

0*772 

0*805 

0*818 

0*841 

0*801 

0*885 

0*908 

0*929 

0*951 

0*972 

0*994 

1*014 

1*036 

1*056 

1*076 

M 04 

1*118 

1*137 


0*061 

0*065 

0*069 

0*074 

0*077 

0*081 

0*085 

0*080 

0*092 

0*096 

0*100 

0*103 

0*106 

0*110 

0*113 

0*116 

0*119 

0*123 

0*126 

0*129 

0*132 

0*135 

0*138 

0*141 

0*144 

0*147 

0*150 

0*153 

0*156 

0*159 

0*162 


5*98 
6*24 
6*50 
6*75 
7*00 
, 7*24 

. ' 7*48 
7*72 
8*05 
8*18 
8*41 
8*61 
8*85 
9*08 
9*29 
9*51 
9*72 
9*94 
10*14 
10*36 
10*56 
10*76 
11*04 
IMS 
11*37 


HABCKEU'S 









NORTHERN 


P. SUSAl NATHAN, F.E.S., . 

Ansixlaut lo Govmtnmii EnfomologisL Colmhalorf 


For tho past tlirec years there liave ])eeii f'Oin])laiiitK in tlie 
Northern portion of the Madras Presitleney Iroin certain taluks of 
the Kistna District as to a heavy fall ot limits in pomegranates, 
oranges and sweet limes during the months of duly to August. 
Investigations carried out .during 1923 and the previous years 
show tliat the fall is due mainly to three species of Noc-tuid moths 
{Ophidercs materna, lAnn.', OpMd&'es fidlonica, Linn.; and Amia 
cwomta, Fabr.) which visit the trees at night and puncture the 
ripening fruits with their powerful file-like proboscides. J hey 
not only suck the juice but also induce a rotting of the pulp as they 
provide entrance for bacteria which ultimately cause the fruit 
fall. On actual experiment, it was found that a single moth could 


* I’nper rodd before the Agricuttural 8eetion of the Indian Science (jongre.ss. Bangalore, 
1924. 

f Pomelos have been reported to bo damaged scvei'cly by the.'^e motlis in tlie Bombay 
rrt'sidoncy {Proe, Third Enit p. 80). ['l\ B. P. j 
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hy a.tti-;w!<Hig tliciii to traprf of poisoned molas.-ies, ila\’ourcd 
fruit essences, sucii as those of tlie orange, lime and pine-y.j)plc. 
fldie pine-apple essence was found to be decidedly in favour with the 
moths. Several dozens of moths were found feeding on the bait 
and some of these were caught and caged and found to succumb 
in 24 to 48 hours, thivs establishing the possible efficacy of poison- 
baiting. Due to the disappearance of the moths during the second 
week in August 1922, these very interesting sets of exi)criments had 
necessarily to be postponed. 

The question was again taken up in came.st in June-August 
1923. There were several points to be discovered both in regard to 
the life-cycle of the pests and their attraction to poisoned scented 
molasses baits in preference to the fruits on the trees. Iiivcstiga- 
tious were started in the village of Mathimuthanagudem lying in a 
submontane tract, 40 miles from Ellore, Kistna District. In J une- 
July, after considerable effort, the breeding places of many of the 
major visitants to fruits were discovered and an early campaign 
was instituted against one of the larval fo(.)dpIants, Tinospom 
cordifolia (Fam. Menispermaceae) known as “ Tippa-tiga ” in 
Telugu, which breeds the major pest O'phideres matenw. This 
is a creeper which grows mostly among thick and neglected 
hedgerows and among clumps of vegetation in the midst of the 
cultivated area. The creeper does not affect forest areas. Besides 
this, Coocidm hirmLus (Fam. McnispcrmaceaB) and Comhretiim 
ovallfulium (Fam. Combretacea)) are two more weeds on which 
Ophidcrcf! fulluitiva- and Aima coromkt breed respectively. The 
campaign against these foodplants was started oii the 24th June, 
and by the 9th July the bulk of the weeds referred to lurd been 
cleared from the village jireciucts. Jl'our to live hundred caterpillars 
of fruit moths were taken from the creepers and most of them reajed 
out into moths in cages. Since the few moths that in’ nature survive 
from probably the previous season’s brood begin to breed towards 
the end of June, a canqjaign against the larval foodplants at this 
time may be calculated to ensure the destruction of hundreds of 
caterpillars which, if allowed to turn into motlis, would damage 
every fruit in the tuchard. As a result of endeavours made to find 
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out the egg-laying capacity of the moths, two females were found 
to lay a total of 302 eggs spread over 13 days in captivity. Neverthe- 
less, when compared with that of other moths of the same group, 
this figure does not by any means represent the maximum capacity 
of the moths in nature. 

In 1923, as a result of the campaign, no moths had appeared 
in the orchards till the end of the first week in August, thus tiding 
over the period in which a severe loss is sustained year by year. 
But, due to the indifierence of the orchardist who did not attend 
to a thorough removal of the weeds, a second brood of caterpillars 
would appear to have developed early in August, leading to the 
emergence of a large number of moths and consequently to a 
considerable amount of fruit fall later on. In contrast to this 
gardener, another orchardist, who had taken pains to remove the 
fruit-moth-breecling weeds in another orchard some 20 miles off, 
wrote on 17th September, 1923 : — “ I have cleared to some extent 
the Tippa-tiga {Tinospora cordifolia) and Yethala-tiga {Oombretum 
ovalifoliuw.) but it was not possible to destroy them all at once, as 
they were found to sprout up again, but still in our gardens, we had 

not much loss on account of the insects I can now definitely 

say that from the time you came here and advised me on the 
clearing of the weeds, there had been no loss in my garden due 
to the ravages of the insects.” The foregoing facts show that a 
raiyat who had not cared to understand or to coimeot the 
existence of particular weeds with the periodical appearance 
of fruit moths and thereby had omitted to eradicate them in 
the vicinity of his orchard suffered a heavy loss, whereas another 
raiyat in a different village, acting under advice, had profited by the 
removal of the weeds. 

Apart from the poison baiting of fruit visiting moths which is 
yet in an experimental stage, there is thus a direct method whereby 
the axe may be laid at the root of the whole trouble, namely, the 
thorough eradication of the foodplants on which these fruit pests 
breed, illustrating the old, old adage, “ Prevention is better than 
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iAIciuv scientific Riid tecliiiical men have a certain scorn for what 
geiKiJ'ailly liiay called tlie art of exposition/ whether in speech 
or writing, in wTiting I have often occasion to deplore the style 
and quality of the writtfen matter that is put out. In teaching 1 
juivo from time to time listened to lectures and classroom instruc- 
f ion, and 1 do think the teaching might he enormously imj)roved 
if t)i.c men thought a little more about this matter of teaching as a,n 
art in itself, independent of the material that is to be set forth, am 
art which ha.s a code of rules and laws of its own. I do not want 
to lay dowjr methods at this moment. Every man will tliink out 
Ids own method, but I do want to plead for a con-sideration of the 
method itself as something worth thinking about, something by 
which the work — whether it is in classroom or lecture room can 
be made more effective. 1 want you to take it that teaching is not 
a process into which you drop quite naturally, that it only involves 
the doling out of so much information to be got up by the class, 
whereby all the teacher can be expected to do will have been accom- 
plished. If that were the case, if there were nothingyu the functions 
of the teacher but to hand out a certain amount of knowledge, 
why have any oral teaching at all ? Why not content oneself with 
books, or with some kind of organization like the correspondence 
college % The organization of a correspondence college, for example, 
can show the student exactly what he ought to road, it can set 
him papers, mark and comment on them. The way these colleges 
flourish proves that they can be effective in promoting the acc|uisi- 
tion of knowledge for examination purposes. In fact one must 
take it tliat the very existence of these correspondence colleges on a 
large scale points out that there is a defect in the ordinary teaching 
given in tlic country. If the oral teaching were of the right kind, the 
conespondence college, wliichgets its results and could not live if it 
did not get its results, woidd go out of existence. 

To give an illustration of Avhat 1 mean ; you arc all familiar 
with one of tlie very commonest forms of claasroom teaching in 
University ()r University Oollege -the lecturer who practically 
dictates to his students a certain text which lie has prepared. The 
lectiuer ^ircpares very carefully his lecture as a resume of a ptirticulur 
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to issue a. typescript at the end of the lecture, which contained 
subject headings, tables and diagrams, and references to the text- 
books indicating wliere details of the matters dealt with could be 
foimd. I do not say mine was the right way but it was an attempt 
to teach, whereas the other way is only an attempt to supply 
information. I throw out that as an illustrati®n ; the point I want 
to make is that the mere process of teaching does require thinking 
about. 

On the other side, let us take the outside lecture, the lecture 
that every college or institute teacher is required to give from time 
to time to audiences in villages and country centres. As a rule 
the preliminaries are organized for him ; he Avalks into the place 
and is rather apt to suppose that if he delivers the lecture and the 
people do not leave the room in too large quantities during the 
process, that his method is good. If the audience falls ofi during the 
lecture course, he blames the organization. 

But we have to ask ourselves whether the lecture method is 
suited to the village audiences at all, whether the type of teaching 
we have to do in the counties has not got to start from an entirely 
different point of view. I want to suggest that the prime effort 
of the extra-mural teacher must be in some way to drag the members 
of the audience into the fray themselves. They must be led to 
become active participators in the process of education. You have 
not much time in dealing with an audience of that description ; 
you are running over the whole of agriculture, perhaps in six lectures 
and you only have time for stimulus. The technique of the process 
by which you can get your pupils to read and work for themselves 
does require a good deal of consideration. Put yourself the ques- 
tion, flow am I to get m.y audiences to help themselves ? I, 
in charge, can only help people, I camiot teach them ; I can only 
-point out the lines upon which they can teach themselves.” 


How WE CAN IMPROVE OUR METHODS OF TEACHING. 

I take these as illustrations of the kind of subject I should like 
to see discussed, the methods of teaching inside and outside the 
college, hoAv, by thinldng for ourselves, we can improve our own 
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methods. I want specifically to suggest the question of liow tlie 
subject of agriculture itself ought to be treated in our colleges and 
farm institutes, etc., because there I can see perhaps the greatest 
opening for better technique and indeed for some considerable 
reconstruction of our aims in teaching agriculture. 

I think we are inheritors in this country of rather a mistaken 
tradition. I know quite well 30 years ago when colleges began to 
start in Great Britain for the teaching of agriculture, the general 
idea of their founders was that agriculture could be regarded as an 
assembly of applied sciences. There was chemistry, botany, 
zoology, geology and so forth, all sciences throwing light upon the 
growing of crops and the feeding of animals. If we first taught 
these sciences to agricultural students and then the application of 
those sciences to agriculture, we were teaching agriculture. You 
may remember that the first Cambridge diploma did not proceed 
further than that. It was content with an examination in applied 
sciences and treated agriculture itself as one of those rather mechani- 
cal extras which are pursued in practical life but which should hardly 
concern the university. So I think we were given a set towards 
the treatment of agriculture as Just an assembly of applied sciences, 
and it was conceived that we could bring out a farmer by grounding 
the youth thoroughly in chemistry, botany, zoology and so forth. 

Now agriculture is a subject sui generis, something quite distinct 
from an applied science ; it has its own technicjue and methods and 
its own fundamental science, which is neither chemistry, botany 
nor zoology, nor anything of the kind popularly termed science. 
It is accountancy which lies at the basis of the teaching of agricul- 
ture, and as pure chemistry is the grammar of the agricultural 
chemist and botany of the agricultural botanist so is accountancy 
the grammar fundamental in the instruction of the farmer. 

The object oe oub teaching. 

If we start off with that somewhat one-sided statement we shall 
get a little nearer to what is the right form of teaching. Let us 
begin by asking ourselves what we are after when we are dealing 
with the young men in an agricultural college. What is our object ; 
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wJial iue \V(; going to try and turn out ' i iJiiiiiv ir, is agrecci wuir wo 
arc jiot tliijiking of turiiiiig out teachers, otHcials or tliat kind of 
luan ; we are thinking really of turning out a tlioroughly (iquippccl 
fajincj- and we Avant to ask ourselves wliat we mean by that -a 
tlioroughly equipped fanner under modern conditions, and how 
we can help to ensure that type of man l)y>- education. We know 
well the old farmer who has no education behind him ; he tells the 
tea.cher that no one can learn farming in a classroom and tha,t he 
has no opinion whatever of book farmers. The answer is not easy, 
but 1 think we can remove that kind of reproacli if we ta.ke our 
teaching of agriculture from a somewhat different angle. Wluit 
he means is that success in farming depends upon a nuiriber of 
equalities which are personal and many of which are only obtained 
by experience. If a man has no will or detei*minatiou, if he lacks a 
cej-tain firmness about maldng a bargain, of course he camiot become 
a successful farmer — and none of the efforts of the eilucator are 
dijected towards giving these qualities. 

Still, putting aside these inborn faculties ancl the os,sential 
matter of experience, what does characterize a. good farmer as 
distinct from a bad farmer ? We can sum it up in one word- 
management. The good farmer not only knoAvs \Adiat work has to 
be done, AAdiat good Avprk is, the technique of growing his in-ops 
and breeding cattle, etc., but he knoAvs how most effectively to 
dispose of the staff of labour that he has on that qmrticular land, 
llis job as farmer is a manager. The agricultural colh'ge is dealing 
mainly with men Avho are going to be managers of labour, direidors 
of other people’s Avork. They are not going to do manual work 
themselA cs, except qierhajis in their younger days, but in the main 
they are going to be heads and not hands. 


lJEVELOI'ING the IDEA OF MANAGEMENT. 

When you turn to compare the successful with the unsuccessful 
farmer you will probably find in a great many cases that the question 
of (inancial success depends iqion this disposal of labour more 
than anything else. We may sum up the object of the agricultural 
college as the training of managers. That being the case, what 1 
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war'll" to submit to you is that we must direct our tcAchitiy to tiait 
end. 

Suppose we turn to one of the most successful text-books 
on agriculture that we liave iii England, the late. Pi-ofessor Fream’s -- 
almost the only widely distributed text-book that has been written 
in ThrgUsh on agricultitre — do you find that point of view, manage- 
ment, set out from the beginning of the book to tlie end ? Thei'e 
may be an odd chapter or two about it, but in the main the book 
is concerned with the description of the materials of the farmer. 
You are told how to discriminate between fescues and jioas, hop 
trefoil and yellow clover-just the kind of things that are so much 
taught and learned by the agricultural student and so heaidily 
despised by the old type of farmer, d'he old farmer is wi'ong ; 
you cannot know too muoli of airy thing. None of these descriptive 
points are without their value, only they cannot replace the other 
thing's, the vital study of the economics of a farm and it.s manage- 
ment. That is the point that I want to bring forward in these 
remarks. 

The teaching of agriculture as I have seen it, and I speak from 
experience, is far too much a mere matter of description. It may 
not even be descriptive of the kind of farm the teacher knows 
himself, it may be a discussion on the old systems of farming. It 
is not unknown that men continue to teach the East of Scotland 
form of agriculture as described in Stephens’ “ Book of the Farm ” 
as the only method of successful farming. It may have had little 
to do with the farming that was going on round about the college, 
having been worked out on a different rotation and for a different 
soil and climate. Let us have done with this purely descriptive 
teachuig of agriculture. 

The teacliing of agriculture should be to an increasing degree a 
matter of personal experience, and it should be in every district 
largely based upon what is going on round about the college. It 
should begin as a description, so far as it is descriptive, of the 
farming practice amongst the people the student comes from ; 
that is the first thing ; let us localize our teaching. In this way the 
teacher can introduce the element of personal investigation ; he 
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begins by finding out what the people round about are doing, that 
will lead him to comparisons of their methods with other people’s 
methods. He can fall back on the standard system of his text-book, 
compare it w'ith the local system and discuss the difference that he 
finds between the two. The critical faculty is brought into play. 

But we must go a step further if we hav^ in view management, 
so that the student, when he leaves college and begins to work on 
his own account, shall be in a position to be critical of the work 
that he gets done, and not merely in the hands of his foreman or 
bailiff. We must not be content merely with describing. We 
must ask ourselves about each of the processes, how many men, 
how many horses, how much time, what Avill it cost step by step, and 
criticise these costs in the light of the results. Here the real critical 
process comes into play. The agricultural teacher dealing with, 
say, the potato crop, should have acquired for himself, by direct 
observation, a picture of the practice of a successful potato grower 
under certain conditions. He has followed the crop through, he has 
found out the number of men at work and the amount they did, 
and he is in a position to sum up the costs. That alone is a descrip- 
tion which may be a great help to a student later on. But if he can 
set alongside that a description of the methods of two other equally 
good farmers and in different districts with the details of the alterna- 
tive operations, the number of men on the job and the costs, I 
should think he is entering his students in the art of being managers. 
That is the first step. It has not got to end there. 

After the teacher has been through the raising of croj)S and the 
treatment of livestock as individual operations, he has got to get his 
students into a perception of how'' a really good farmer schemes 
out his work from week to week, and how, given a certain staff 
at his disposal, he uses them to the best advantage. From my own 
observation of practical farming there lies the difference between 
the successfid and the bad farmer — the way in whieli a good farmer 
has his Avork planned out and with a given staff always is ready 
to throw in his strength at the right moment. Of course you cannot 
teach that but you can awaken ..the, student very much to the 
necessity of thinking it out for himself.. .. 
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It is in tliat connection tlie college farm is gojng to be most 
useful for the purpose of the teacher. The college farm should be 
run as a practical business proposition which is illustrating manage- 
ment and which is a text-book of the teacher in the lessons he is 
giving. Every student should keep an exact diary week by week 
of the operations that go on on the college farm, and it should be a 
diary with full details. It does not record "March 15th, sowing 
barley on the 10-acre field.” No, he says " sowing barley on the 
10-acre field ; wheat stubble ploughed in November, wanted more 
frosts, a little stale on top and wet below.” Then should follow 
the operations, the horses and men to each and the time taken. 
Further, the teacher should be giving the actual cash transactions 
from week to week. The teacher taking his class on Monday 
morning will say "our business during this week is so and so, I 
propose the men shall do so and so,” and he shows them how he 
has schemed out the use of his staff during the week and tlie alterna- 
tive in case the weather is unfavourable. It is in this way we can 
make our agriculture itself scientific, and not merely descriptive 
of accessory scientific facts which may be of value but which are of 
secondary importance compared with the question of management. 

When we get on to the second and third year of teaching 
we have to consider broader economic questions ; tlie reason for 
this or that branch of the business, why we are producing milk, 
why we are fattening bullocks, etc. We can begin with a considera- 
tion of the policy of the college farm, for it is the one which is close 
at hand, the one about which the teacher has the most details. 
But neighbouring farmers are generally willing to help the college 
by disclosing enough of their accounts to give the teacher materials 
for the discussion of policy. Now this means that agricultural 
teaching should be founded upon a system of cost accounting. 
The future of efficient management depends fundamentally upon a 
good book-keeping system to begin with, and the constant use of that 
book-keeping to check operating costs, so I think that the student 
must be inducted early into the point of view of cost accounting. 

We are apt sometimes to assume that we can describe the 
right method of farming. I do not think there is a right method of 
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KIKUrU GRASS {PENNISETUM CLANDESTINUM, CHIOV.) 


0. STAFF 


In 1911, Mr. J. Burtt-Davy received from Mr. David Forbes 
of Athole, Amsterdam, Transvaal, a single root of peculiar grass 
which he had collected on the shores of Lake hTaivasha, Kikuyu, 
whilst hunting there, the grass having attracted his attention by 
the pa,rtiality which the wild game showed for it. The root was 
transplanted in one of the plots of the Botanical Station at Groenk- 
loof, Pretoria, and soon established itself.’- It has since flowered 
there regularly every year, but not seeded, the original plant and its 
descendants being apparently all functionally female.^ In “ The 
Parmer’s Weekly ” of March 23rd, 1917, Mr. H. A. Melle published 
a fuller account of the gra.ss as it presented itself under cultivation, 
the greater part of which is reproduced here. 

“ Kikuyu grass {Pennisehim longistylum), says Mr. Melle, is 
a perennial, running grass, and like the ‘ kweek ’ forms a dense 
turf. It has branching, leafy stems. The leaves are flat and 
spreading. Kikuyu has numerous stout rhizomes, as thick as a 
lead-pencil, and by the growth of these a single plant may cover 
an area of several square yards. If grown in a vicinity where there 
is not much moisture it will make very little top-growth, but will 
send out shoots and spread along the ground and establi jh itself 
firmly. But in the presence of moisture it will put on top-growth. 


* Eei^rintecl from Kew Bull., 1921, p, 85. 

^ A preliminary note announcing the introduction of the grass was j>U-Wished in the Beport 
on the Bepiartment of Agriculture, V nion of South A/nct/-, 1910-1911, p. 241. Here also appear.^ 
the name Kikuyu grass for the first time. 

short article by Mr, Burtt-Davy in the Agricultural Journal of South Africa, II 
pp. 146-147, describes the experience gained with this grass in the Transvaal by them (1915)^ 
and deals with its uses and disadvantages. It also states the circumstances of its introduction, 
and that with some reserve it had been referred at Kew to Pennisetum longistylum. 

( ns ) 
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I liave seen it grow 2| to 3 ft. high. As yet it has not been observed 
to set seed in South Africa although it flowers regularly at the 
GroenMoof Botanical Station every summer. 

Kikuyu is a summer grass, but will remain green imtil the first 
severe frost and will start growing again long before the veld grasses. 
At the time of writing our mealies have been scorched by frost and 
the veld grasses have become coarse and dry ; whereas the Kikuyu 
is still putting on growth and is beautifully green and succulent. 
Its drought-resistant qualities have proved to be equal if not better 
than any of the other grasses. 

Kikuyu may be considered as essentially a pasture grass. 
In districts where the rainfall is over 30 inches it might be possible 
to get two or three cuttings a season. What number of plants it 
can carry per acre has not been ascertained, but it will probably 
carry more than any other grass owing to its dense and rapid 
growth, combined with its resistance to eradication. If a sod of 
this grass be taken up, a few rhizomes (underground shoots) are 
always left in the ground ; these in two weeks’ time will send out 
green leaves and soon re-establish themselves. 

As Kikuyu can only be propagated by roots or runners, the 
initial cost of establisliing a pasture would be more than other 
grasses that bear seed. This, however, is compensated for by the 
fact that when it has been put in, provided there is sufficient mois- 
ture in the soil to start it growing, it will take care of itself. There 
is, moreover, no fear of it becoming choked by weeds. Although 
Kikuyu is such a hardy and vigorous grass, it would be advisable 
to well prepare the ground previous to planting as it will then 
strike immediately and have an advantage over any undesirable 
plant. 

(a) Palatability. I can say with every assurance that Kikuyu 
is one of the most palatable grasses. All stock eat it greedily and 
will leave most grasses to get to it. If stock are allowed on a 
patch of Kikuyu it will be seen that they will graze contentedly, 
and wffien they have had their fill they like to lie down on it, for the 
Kikuyu forming such a dense turf provides a very comfortable 
rest. 
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(l>) aimtiiml (tmlgeis. From Hie folloiriiig . talile kindh- 
sopplied by the Division of Chemistry, it will be .seen that Kikuyu 
IS one o± our most nutritious grasses : • - 
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Kikujm grows well on any kind of soil but thrives best on 
moist vlei soil. We have it growing on alluvial vlei, on heavy 
clay loam, on gravel clay, on red loam, and poor impoverished 
stiff clay. On all these it is doing remarkably well. It is also 
known to do remarkably well on sandy soils. 

Like all other grasses Kikuyu has also its disadvantages, and 
amongst these the chief are 

(1) It is a summer grass as it does not remain green throughout 
the winter, unless watered and not subjected to frost. 

(2) As it does not appear to form seed in this country, the 
only means of^ propagating it is by runners, hence freight, which 
involves additional expense. And it may happen that when it 
reaches its destination the ground prepared for it may not have 
sufficient moisture to start it growing. Although this is enumerated 
as a ^ disadvantage it may also be considered as an advantage ; 
yielding no seed there is no fear of it establishing itself voluntarily 
in an adjoining field. 

(3) Being such a hardy and persistent grower when once 
established, it will be very difficult to eradicate. We have a good 
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illustration ot this ou tlio Station, 
of large qua. 
tlie grass three wceh 
beautifully green 

(4) Kikuyu is so aggressive 
it. This is a great i 
will establish itself against any of our \ 
value. 

(5) There is a likelihood of a Ekuyu pasture becoming sod- 
bound and if this should happen, the field should be disked and 
ploughed or harrowed. 

(6) It is only natural that a plant of such vigorous growth as 

Kikiijm would soon impoverish the soil. 

Kikuyu responds generously to manure, for where there are 
animal droppings on a patch it will be noticed the grass grows there 
higher than anywhere else. 

Lawns have been groivn from this grass around the laboratories 
of the Botanical Division and on the terraces of the Union Buildings, 
Pretoria. The bright, light green colour of the foliage forms a 
lovely setting for ornamental gardening. It will also make an 
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ago was apparently quite clean but now is 

ind almost covered with Kikuyu. 
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Kikuyu being a summer gi'ass the best time of planting is during 
the spring and summer rains, but it can be planted as late as April 
when the frosts do not occur before May. 


In order to recover the cost of preparing the ground for Kikuyu 
it is possible after the last cultivation of mealies to put down Kikuyu 
between the rows.” - 



Subsequently an attempt was made to introduce the grass 
into Mashonaland. The success seems to liave been complete, as 
may be seen from the following note in the Rhodesia Agrioidtural 
Journal, XV (1918), p. 327. 

“ As late sa a year ago it was mentioned in an article in the 
Rhodesia Agricultural Journal (June 1917) that, despite all efiorts 
up to then, no pasture grass had been discovered suitable for 
Rhodesia which formed a thick bottom and might prove useful for 
grazing purposes. Since that date, however, our trials with Kikuyu 
grass (Pennisetulm longistylum) on the prevailing red soils of Mashona- 
land have shown that this grass adapts itself perfectly to 
local conditions, and fulfils all the expectations that have been 
aroused from reports concerning its behaviour in the Union. The 
first lot of roots introduced by the Department of Agriculture were 
obtained from the Potchefstroom experiment farm in March 1917. 
Through delays, these arrived in a seemingly dead condition, and 
after a preliminary soaking were planted out. Practically no rain 
fell after planting, yet by December 1917, considei'able growth had 
been made and the runners became the source of our principal 
propagation plots. A further lot of slips were imported from Natal 
in December 1917, and were planted out one foot apart each way. 
The resrdting plot as it appeared in June 1918 is shown in the 
accompanying illustration. The slips soon covered the ground 
entirely, and the growth was so vigorous that the paths and adjoining ' 
beds were invaded. The spreading power of this grass is one of its 
most remarkable features, and not only does it spread along the 
surface of the ground, but its ruimers penetrate downwards to a 
considerable depth in the course of a single season, making its hold 
upon the ground very firm, and rendermg it hardy against tramping. 
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Ill view of its known excellent feeding qualities, its vigour and its 
adaptability to Khodesia, it can be confidently recommended. 
It is expected that slips in limited quantities will be available ior 
distribution during the coming season.” ^ a 

When in 1915 the first very meagre specimens of the grass 
reached Kew from Pretoria they were recognized as identical with 
some fragments of a Pennisetum which in 1906 had been received 
from Mr. A. Linton among pieces of collected 

at “ Linoru ” (evidently meant for Lamoru, the first railway station 
west of Kikuyu) . Both were then considered to be probably stunted 
and very much reduced forms oi Pennisetum longistylum, ^ concep- 
tion corresponding more or less to Leeke’s treatment of the plant 
as a var. clandestina of the same species “ congrua— et cum forma 
normali evidenter consanguinea.” However, after the accession 
of better material from East Africa, and the experience gained 
in the Transvaal, namely, that improved conditions did not afreet 
the peculiar structure of the grass, it became evident that the 
extreme reduction of the inflorescence and the stunted condition 
of the vegetative parts were not casual features impressed on the 
plant by an especially unfavourable habitat, but fixed and perfectly 
definite characters of specific rank. This was also the conclusion 
Pilger came to when describing the grass which lie had from Lamoru 
(collected by Gr. Scheffier in 1909), as a new species, Pennisetum 
indusum (in Engler’s Jahrb., XV, p. 209).’ Further search in the 
literature on Pennisetum, however, showed that Pilger had been 
forestalled by Chiovenda who had already in 1903 {Annuar. 1st. 
Bot. Roma, VIII, p. 41) accorded the grass the status of a species, 
taking up an unpublished name of Hochstetter’s “ clandestinum ” 
as nomen specificum. Chiovenda’s species was based on a specimen 
of Schimper’s, 2084 (no locality stated), which is not represented in 
'the collection' at Kew and the British Museum at London, nor was 
the species itself recorded in the Index Kewensis. Chiovenda’s 
description, however, and his figure leave no doubt ai to the identity 
of the plant. Thus the Kikuyu grass will have to be known under 
the name proposed by him, namely, Pennisetum clandestinum 
Hochst, ex Chiov. 
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Tlie two most striking features of Pennisetutn clandestmum 
{see Mgs. 1 aiicl 2 on p. 421) are its stunted growth and proclivity to 
the fomiation of very vigorous runners, and the extreme reduction 
of the inflorescence and its inclusion in the top sheath. In habit it 
resembles strong specimens of Gynodon Doctylo'n to a reniaikable 
degree, so much so that barren specimens pf both may be all but 
indistinguishable. The anatomical differences are, however, obvious, 
as will be seen from the cross sections shown on p. 421 (Figs. 11 and 
12). Gi-rown m good and well-watered soil it throws up barren 
stems up to 30 cm. (according to Melle, 1. c., even 1 m.) high with 
elongated internodes (up to 7 cm.) and long slender blades (up to 
over 20 cm. by 3-4 mm.), whilst tire flowering shoots seem to remain 
short (5-6 cm.) even under such favourable conditions (Figs. 3 
and 4). The reduction of the inflorescence (Fig. o) affects not only 
the number of spikelets (2-4), but also the involucral bristles which 
are short, the longest not surpassing three-quarters the length of 
the spikelet, delicate and eplumose and have evidently lost their 
function ; further, the glumes, the low^er of which is quite suppressed, 
whilst the upper is merely a small nerveless or almost nerveless 
scale ; the lower floret which is reduced to its valve and finally the 
stamens which are occasionally arrested, the flowers becoming 
thereby functionally female (Figs. 6-10). The valv^es share the 
relatively great number of nerves (11-14) with those of P. longistylimi, 
but they are narrower, longer, thinner and in the lower part almost 
devoid of chlorophyll — ^no doubt in response to their concealed 
position. The genetic derivation of P. clmidestinim, from P. 
longistylim is obvious, but the power of reversion to its ancestral 
type seems to have been lost. The reduction of the inflorescences 
to so few spikelets— and of these sometimes a portion only fertile — 
must mean poor seeding, a loss amply balanced by the vigour of the 
vegetative reproduction of the grass by runners and stolons. The 
area of P. clandestmum extends from Eritrea to Mt. Elgon and the 
highland of West Usambura. P. longistylum on the other hand 
is so far only known from Northern Abyssinia, and the adjoining 
parts of the Italian colony of Eritrea. 

The following is a description of the grass. 
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Pennisetum claiuhstinum, Hoclist. ex Gliiov. in Annmr. 
Ist. Bot. Itoma, VIII, 41, t.v., fig. 2 (1903). A hermaplirodite or 
sometimes unisexual low creeping closely matting perennial with 
creeping rhizome and slender stolons with very short internodes, 
throwing up single or more often fascicled short stout branches, the 


underground portion Qf which is densely covered with downwards 
more or less decayed leaf -sheaths. Culms (over-ground stems and 
branches) very short, often hardly raised above the ground or growing- 
out into long rooting runners appressed to the ground and copiously 
branching to the right and left with the branches short, stout, closely 
sheathed and shortly ascending {see note on cultivated specimens 
below). Leaf-sheaths closely imbricate, mostly 1- 2-1 -6 cm. long, 
very rarely longer, almost membranous, very pale, then turning 
brown, distinctly nerved, glabrous or sparingly and shortly hirsute ; 
ligules reduced to a densely ciliate rim ; blades spreading, linear, 
gradually passing into the sheath, tapering to a subobtuse point, 
l'25-o cm. by 3-4 mm. (flattened out), tightly folded, then open- 
ing out, subsucculent, more or less glaucous, glabrous or sparingly 
and shortly hirsute, rough on the margins and tlie subcarinate 
midrib towards the tip, otherwise smooth, midrib slender, prominent 
below, primary lateral nerves 2-3, more or less difierentiated 
below only. Inflorescence reduced to a cluster of 4-2 (mostly 3, 
rarely 1) spikelets, subsessile and enclosed for the greater part in the 
uppermost leaf-sheath, the terminal spikelet shortly pedicelled, 
the others sessile, each spikelet supported by an involucre of delicate 
bristles ; bristles of the terminal involucre up to lo, very unequally 
long, the longest and strongest about J the length of the spikelets, 
of the lateral involucres similar but much fewer and only on the 
outer side of the spikelet. Spikelets bisexual or functionally 
unisexual, slender, linear-lanceolate, 1-1-75 rarely 2 cm. long, 
glabrous, whitish below, greenish upwards. Lower gluine suppressed,' 
upper ovate to ovate-rotundate, subobtuse, up to 2 mm. long, 
hyaline, obscurely feAv-nerved. Lower floret reduced to its valve, 
this lanceolate, long tapering, subacute, as long as the spikelet, 
thinly membranous, 11-9 nerved. Upper floret | and markedly 
protogynous or functionally ? with rudimentary stamens ; valve 
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very .similar to.tlia,t of the lower floret, but slightly shorter ; valvule 
linear-lanceolate, long acuminate, very thin, 4“2-nei.ved. Lodicules 

O. Btanieus f with very long, protruding fllaments (up to over 
25 nmi. long) and dangling anthers, 5-7 nun. long, of the 2 much 
reduced with linear-subulate filaments slightly exceeding the ovary 
and empty anthers, 3 mm.- long which remain, permanently enclosed 
in the floret. Ovary obversely pear-shaped, attenuated into the 
long-exserted filiform style which is up to 3 cm. long, simple or 
shortly 2-fid and finely plumose from below the middle upwards. 
Grain (almost mature) dorsally compressed oblong-elliptic in outline, 
over 2 mm. by 1 mm. long, brown ; hilum punctiform, black 
(Mgs. 1-11, p. 421). P. longistyluin (1) Stapf ex Burtt-Davy in 
Agricultural Journal, South Africa, II (1915), 147. P. 1. var. 
clandestina, Leeke, Untersuch. Alstamm. u. Heimatd. Negerhirse,2Z 
(1907) ; Ghiov. in Arwmar. 1st. Boi. Roma, VIII, 319 (1908). 

P. inclusum, Pilgex hx FMgl. Bot. Jahrh., XLV, 209 (1910). 
Cynodon Dactylon, Sehweinf. in Bull. Herh. Boiss., II, App. II, 31 
(1894), not Pers. 

Distrihution. Eritrea, Ucule Cusai ; by the Degra .stream 
near Saganeiti, Schweinfurth 1257 (barren)! Abyssinia; Bamen ; 
Sabra District, Selenka, on dry spots in wet meadows, 2750 m., 
and at Debra Bski, in dry grassy places, 2870 m., Schimper 398 I 
Schoa, Anlrober, Roth 62! Uganda; Mount Elgon, common on 
open gi'ound in the bamboo zone. 2600 m., Dummer 3614 ! British 
East Africa, ; near Lamoru, Linton 215 ! and near the same place 
in low bush at 3000 m., Sdheffler 294! Xairobi, Uowdon 185! 
Tanganyika Territory : West Usambara 1600 m., Eichinger 
3294. 



Melle (see above) has pointed out that Kikuyu grass in the 
presence of water will put on top-growth and attain to a height of 
2-|-3 ft. A specimen from the Groenkloof Botanical Station (H. D. 
Agr. 19059) shows such a drawn up shoot (Pig. 4). It is about 
1 ft. long, with 11 or 12 leaves and the 6th and 7th internodes 
mcasiu'e 5 and 6’ 5 cm. re.spectively ; the corresponding sheaths are 
roughly of the same length, whilst their blades measure 18 and 23 cm. 
respectively, by about 5 mm. when unfolded. The accompanying 



flowering specimens stand 5 cm. above tlie ground, with about 
7 leaves and blades 3—7 cni. long. 

'O 

Ilie flowers are as in all tire allied species protogynous (Figs. 1 , 2). 
Reduction to a functionally female condition is cliaracteristic 
of all the cultivated specimens from the Transvaal as far as I have 
been able to examine them, and it also occurs in those collected 
by Roth at Ankober ; but whilst the anthei-s of the cultivated 
specimens were quite devoid of pollen, those from Ankober contained 
beside some empty pollen grauis numerous pollen-mother-cells 
which had not got beyond the stage of division and were loosely 
scattered through the anther which had dehisced. 
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MEASURABLE CHARACTERS OF RAW COTTON 


THE DETERMINATION OE AREA OF CROSS SECTION AND HAIR WEIttHT 

PER CENTIMETRE. » 


GLADYS G. CLEGG, M.So 


SYDNEY CROSS HARLAND, D.So., F.L.S., 
The British Cotton Industry Research Association 


Introduction. 

In comparing different types of cotton it is necessary to 
evaluate as accurately as possible all characters which are capable 
of exact measurement. The properties of a yarn depend ultimately 
on the properties of the single hairs, so that it is important to study 
the latter in detail. It should be possible from the knowledge 
gained to predict the behaviour of the raw material in spinning and 
manufacture, in terms of single-hair properties, lliis paper supplies 
data on two of these properties, namely, the mean area of cross 
section of single hairs, and mean hair weight per centimetre of 
length. 

Methods. 

Sampling. The determination of the mean value of any 
measurable character in a sample of cotton involves a preliminary 
study of sampling, since the accuracy of the mean may depend 
largely on the extent to which the sample is truly representative. 
Tf, has been shown that erouns of thin-walled hairs occur in natches 
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ment and Properties of Raw Cotton) lias calculated tlie nuinijer of 
hairs per seed on some Egyptian cottons to be about 8,000. 
Assuming this number to be approximately accurate for our mirpose 
there will be, in a given sample of cotton, many groups containing 
100 to 8,000 thin-walled hairs scattered sporadically through the 
sample. Where the si?>. of sample for the determination of any 
single hair property consists of only a few hundred hairs, it is of 
great importance to have the thin-walled hairs randomly distributed 
through the mass.^ Probably the only accurate way is 'to select the 
sampfe hair by hair from a large number of places, the disadvantage 
of this system being the amount of time consumed and the eye;- 
stiain devolving on the worker. The method adopted in obtaining 
the results in this paper consisted in collecting a small sample from 
the amount of material available, and then mixing thoroughly on the 
draw frame of the Balls sledge sorter. 

Cutting sections. Por the measurement of area of cross section 
it is necessary to cut sections from a large number of randomly 
selected hairs. .In practice, half the sample mixed in the drai 
frame was used for the determination of hair weight per centimetre 
and the other half for the sections. The latter portion was combed 
until the hairs were approximately parallel, and a bunch of a few 
hundred hairs was bound round a wire frame, immersed in alcohol 
for two minutes to drive out air bubbles, and then transferred to 
water. An aqueous solution of gelatin, so concentrated as to be 
quite stiff when cold, was heated over a water bath until fluid. The 
frame was then placed in a tube and sufiicient of the liquid gelatin 
poured in to cover it completely. The tube and contents were 
placed for three hours in a warm oven, so that the gelatin remained 
liquid, and the frame Avas then immersed in a mixture of 5 ner cent, 
formalin (40 per cent.) and 95 per cent, alcohol, in order to harden 
the gelatin adhering to the cotton. It was left in the hardening 
solution for several hours, preferably overnight, and finally placed 
in absolute alcohol for a few minutes to complete the hardening. 
The cotton was then cut away from the frame, embedded in vaseline- 
paraffin, and sections were cut with a hand microtome, and mounted 
in glycerin-jelly. 
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Ifoi- tlie jleterniination of area of cross section the liairs were 
(irawn on pBrper at a known magnification; either bv use of a micros* 
cope and camera lucida, or the projection apparatus, ihe paper 
drawings were cut out and weighed, the weight being corrected by 

means of that of a sheet of standard paper. 


Arm of cross section. The area of 20 cross sections was cnosen 
as a unit of convenient size, and the results for 50 groups of 20 

obtained for the following cottons 

(a) Trinidad native (T. N. 2), (6) U. S. 12-16 (coarse Sea Island), 
(c) Texas (Upland). 

The mean area of 20 cross sections w^as also obtained for 
Peruvian and for a coarse Peruvian-American hybrid, in each case 
on 600 sections. 

The results are set out in Table I. 


Table I. , 

Frequency arrays of areas of cross section of groups of 20 hairs 
in units o/ 100 square jx. 

Type .. .. 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 62 54 56 58 

U.S. 12-16 .. 1 3 7 17 6 5 9 1 

T.N.2 .. .. 2 .. 3 4 6 17 11 1 3 1 1 

Texas .. .. 2 1 5 5 9 16 6 3 1 2 

Two further cottons with still greater areas of cross section were 
worked with. The complete results are summarized below : — 


Co-efficient Probable 

of erfoi’ of 

variability one result 


Mean area of 
cross section 
of 20 hairs 


Probable 

error 


Texas 


54 on 600 cross sections 


Peruvian 


Peruvian hybrid 
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With the type whicli sliowed the greatest probable 
was normally sufficient to obtain the area of cross sectio 
or say, 140 hairs taken at random, when tlie maximum 
error of the arithmetic mean was about 3 p 

d. he above results are probably fairly < 
purposes, but it must^ not be supposed i 
actual areas of cross section, f ■ " ' ’ 

miscellaneous observations that i 
takes place when a section of a hair is cut 
internal tensions. A. section cut fr 
more than another section cut fr 
Further, tlie amount of 
from hair to hair, a hair with thief 
with a thin wall. A rough analo: 
sponge enclosed by a skin 
take place. From this it will be 
true area of cross section is an aln 
in mind the error involved in the i 
that they are of value (Balls, loc. cit.) for such purposes as 
comparison of fineness of various cottons, though the more import 
quality— degree of variability from hair to hair— would be hidi 
unless each area of cross section were measured separately, a b 
and arduous task. 

Haiy loei'ght ‘per centimetre. It has been pointed out by B. 
(loc. cit.) that “although the measurements of this character^ 

are not of direct use to the commercial growers or users of coti 
as they stand, it is quite possible that some simple, indirect 
mechanical method of obtaining the measurements may be devisi 
and knowledge of them be turned to utihtarian account. The fc 
components which could affect the weight of a hnt hair are its leng 
the thickness of its wall, the density of the cellulose of which^i 
wall is composed, its diameter, and its moisture content 

In general the weight of a hair will depend on its diame 

and the thickness of its wall.” 

Balls made some measurements of this character by cutti 
uniform lengths out of the middles of samples of hams, and show 


M.my lairiy accurate lor comparative 
'' ®u.pposed that they represent the 
since it is knowm from a variety of 
■ an unknown amount of expansion 
owing to the release of 
■om one part of a hair may expand 
-om a different part of the hair, 
expansion may vary with wall thickness 
k wall expanding more than one 
gy is provided by a compressed 
; if a thin section is cut, expansion will 
seen that the determ in a linn n-f +r,a 
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that the ratio, fibre weight : breaking load, had a, value ranging 
from 2'ri() to 3-26, and concluded that the breaking load of a hair 
is largely deterinined by its weight, i.e., by the thickness ot the 
cell wall. According to the same author, the probable error of 
hair weight determinations is high, presumably owing to the 
sampling difficulty. 

Estimations of hair weight per centimetre have been made on 
the sa.me five cottons, for which data on area of cross section 
have already beffii presented. The sample, after having been 
put in sliver form by passing through the draw frame used in connec- 
tion with the sledge sorter, was combed and reduced to a group 
of hairs of convenient mass. A bunch of centimetre pieces was. 
cut from the middle of the bunch with a cutter consisting of two 
safety razor blades one centimetre apart. Groups of 40 hairs 
were then weighed separately on a micro-balance, and the results 
plotted as a frequency curve. The results are presented in 
Table IT. 



weights of groups of 40 hairs in 


•ams. 


reqimicij arrags q 


Mean 


Weiglits (milligrams) 


Peruvian 


Peruvian 

hybrid 


riability 
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From these results it may be calculated, that from 80 to 160 
hairs are necessary in order that the prob^able error of the arith- 
metic mean shall be about 3 per cent. The assumption is involved 
that other cottons will not be more variable in respect of the distri- 
bution of weights of groups of 40 hairs. 

The ap-parent density of cotton. By the usual accepted methods 
ot determination, the density of cotton is 1*53 to rso. Using the 
data obtained for area of cross section and hair weight per centimetre, 
the apparent density can be calculated. A preliminary series of 
observations gave figures for apparent density of TO to r2, which 
indicated that the structure of the cotton hair is porous and not 
continuous, a conclusion which many botanical workers had already 
reached on other grounds. It is better to use specific volume 
instead of density, however, as the amount of pore space can then 
be expressed ,as a percentage. 

In an Indian cotton, Bharat Tcapas, the specific volume is 
0-63 c.c. per gram, using the accepted density figure of I'SO. Actually 
by calciilation ^from hair weight per centimetre and area of cross 
section, it is 0-88 c.c. per gram. Thus 0-25 c.c. or 30 per cent, of the 
volume is pore space. The question thus arises whether different 
cottons vary in pore space. Determinations for four cottons of 
widely different degrees of fineness are placed below : — 


Type 

Apparent density 

fc^>pecific volume 

Pore space, 
per cent. 

T. N. 2 . . 

0-97 

1*03 

37 

U. S. 12-16 

1-05 

0*95 

32 

Texas 

0-93 

1*07 

-39 

Peruvian liybrid 

0'91 

MO 

41 


It will be seen that the pore space varies from 32 per cent; to 
41 per cent., and the variation may either be significant or due to a 
working error. The area of cross section has already been stated 
to be too large, owing to the unknown expansion which takes place 
when the hair is cut, and there seems to be no way of finding out 

§ 
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wlietlier the expansion is greater for a coarse cotton than a fine. 
Greater expansion on the part of the coarse cottons would result 
in a lower apparent density and a higher specific volume. Bearing 
in mind, however, the working error, the provisional conclusion may 
be stated that the finer the cotton, that is, the lower the area of 
cross section, the greater the apparent density and the lower the 
porosity. 

Work on bleached cottons would show whether the variations 
in porosity observed are related to difierences in dyeing properties, 
but such difierences would be most easily detected by actual dyeing 
experiments. 

Summary. 

1. The necessity for quantitative investigations on the proper- 
ties of single hairs is emphasized, and methods for the evaluation 
of mean area of cross section and hair weight per centimetre are 
described. 

2. To obtain a mean value subject to a maximum probable 
error of not more than 3 per cent, of the mean entails great care in 
sampling, and the following minimum number of observations 

140 for area of cross section, 

80 to 160 for hair weight per centimetre. 

3. Data on area of cross section and hair weight per centimetre 
are presented for five . cottons, but the existence of an unknown 
amount of expansion when the hair is cut renders the figures for area 
of cross section of doubtful value except for comparative purposes. 

4. Calculations of specific volume, apparent density, and 
porosity of four cottons show that the amount of pore space varies 
from 32 per cent, to 41 per cent, and, in general, the amount of pore 
space increases with the coarseness of the cotton.. 





IRRIGATION AND INTERCULTIVATION. 


Poe some years the writer has been considerably interested 
in the conflict between irrigation and intercultivation of crops. 
In any irrigation scheme the general slope of the land must be 
sufficient for the water in canals and feeding channels to flow 
steadily ; but the surface of each plot to be irrigated must be almost 
level ; so that, in practice, either expensive grading is necessary 
or the plots are small because of the numerous contour ails necessary 
to hold the water approxipiately at the same depth all over the plot. 
Usually a compromise between the two is arrived at, but almost 
always the individual plots are too small to allow of intereultivation 
of the growing crop by bullock-drawn implements. It is generally 
agreed that heavy irrigation followed by cultivation, at longer 
intervals, is better practice than applying the same amount of 
water in smaller doses at shorter intervals : but, with the usual 
systems of irrigation, only hand cultivation is possible and this is 
very expensive and generally badly done ; so in practice it is very 
often omitted and, instead, more water is given whexi the soil looks 
dry. Water is probably generally cheaper than hand labour. 

Intereultivation by cattle connotes turning space at the ends 
of the rows and a certain minimum length of rows to keep the time 
occupied in turning as against that employed in actual cultivation 
at a reasonably low figure. The turning space may not be entirely 
wasted from cultivation as a catch crop may be sown when the main, 
crop is too large for further cultivation. Probably from these 
points of view 10 chains is a convenient minimum length of plot. 

The matter is further complicated in the cultivation of drained 
lands in Chota Nagpur for sugarcane by the fact that we want the 
lands sufficiently sloped fot free surface drainage in the monsoon. 
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If the slope is sufficient for really good surface drainage, there will 
be heavy wa^h if the furrows are too long. In practice a slope of 
0 to 9 inches in 100 feet and furrows about 10 chains long seems 
satisfactory, and of course the steeper the slope the shorter the 
furrows. 

These furrows arc usually irrigated by turning into one the 
stieani from whatever is the water supply and letting it flow till it 
looks as if it will reach the other end. Then that furrow is closed 
and the stream turned into the next, and so on. A coolie is required 
to turn the stream from one furrow to the next and watch for bursts 
in the furrows, etc.- Often, on land wdiere the furro-ws are ill-defined 
or shallow^, two or three coolies are kept busy keeping the stream in its 
proper furrow'. Scouring, exposure of cane setts and w'aste of water 
seem inevitable if the supply of w'ater is at all ample. 

A system of automatic irrigation is mentioned in the “ Agricul- 
tural Journal of India ” (Vol. XIX, Part II) and more fuUy described 
in the Bulletin of the Haw'aiian Sugar Planters’ Association on 
“ The Irrigation of Sugarcane in Hawaii,” and the w'riter has been 
experimenting with the adoption of the principle in some of his cane 
irrigation. The field in which the attempts were made is 2 '2 acres, 
11 chains long and 2 chains wide with a slope of about 9 inches per 
100 feet, not yet uniform, and the cane is newdy planted in furrows 
running the length of the field and 4 feet apart. The w'ater supply is 
at present free flow'' from a tank above, through 2 inches pipe running 
full. Porinerly by running the whole flow into successive single 
furrows we irrigated 10 furrow's per day. Two coolies were kept 
busy controlling the water, setts were exposed, some scouring 
occurred and the furrow's were dry enough to cultivate on the 
second day after w'atering. 

Now we have made furrow's across the end of the row's at the 
'high end of the field with their boimdary ails horizontal. Each 
furrow commands 8 lines of cane. A little w'ater was run into the 
first cross furrow and then 8 pipes (uncut coxmtry tile pipes of 2 inches 
mouth) w'ere placed in the ail next the cane, all exactly at water 
level, and the supply pipe was opened. As the cross farrow filled, 
a trickle of water flowed through each pipe and seeped, rather than 
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flowed, along the cane row. Tlie wliole was tlien left’ to look after 
Itself. Occasionally the jemadar, 5'^^^•-making in tke next plot 
wandered over; and if he saw the flow of water in one furrow 
agging behind the otliers lowered its pipe a little. In tie evening 
the water had seeped to the end of the 8 rows of cane, and 
judging by the side seepage into the ridges each line had a very 
thorough irrigation. There was no scouring or exposure of setts, 
no coolies had been employed except for an hour in the morning 
starting up, and the furrows were not dry enough to cultivate till 
the third day after watering, when a good cultivation was given. 
Most of the setts have germinated and the next irrigation 17 days 
later found the soil very damp 3 inches below the surface. 

Of course there are probably various drawbacks. For instance, 
the actual amount of water seeping into the soil probably varies 
largely at the two ends of the furrow, and it may be difficult to get 
heavy irrigations on to the land by this method. Increasing the 
period of flow into the ffiirrows and adjusting it so that it just reaches 

the far end without serious overflowing would help both. But there 

is almost certainly an optimum length of furrow for any particular 
slope and texture of soil. It seems likely, however, that, working on 
some such system as this, we can effect a reasonable compromise 
between irrigation and cultivation, not only for young cane but for 
other crops grown in lines such as cotton and vegetables, and 
incidentally make better use of our available supply of water and 
economize considerably in hand labour. [A. P. Cliff.] 

* 

* * 

A GALL-FOBMING THRIPS ON CALYCOPTERIS 
FLORIBUNDA : AUSTROTHRIPS 
COCHINCHINENSIS.* 

The writer had occasion to visit the Taliparamb'a Pepper 
Farm, Malabar, in May 1923 and later on in September-October 
1923, and in the course of an examination of the various wild plants 
on the farm he came across certain characteristic galls on one of 

* Note read at the Zoological Section of the Indian Science Congress, .Bangalore, 1924 . 
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the wild plants th.eTe, viz., Calyeopteris flmibunda (Xat. Ord. 
Combretace^). This plant is a sinaU shrub generally growing into 
a bush and is said also to put forth long branches in favourable 
places whereby it climbs trees like a twiner. The plant goes under 
the local name of “ Pullani ” in Malayalam. The galls are when 
full-formed rather large structures reaching a length of two to two 
and a half inches, generally roughly elliptical in outline, somewhat 
flattened, but with the surface deeply wrinkled and convohited. 
They were generally found formed at the axils of the leaves. A 
close examination revealed the fact that the gall was in reality a 
bag-like structure and that they invariably showed the presence 
inside of numerous specimens of a small black thrips in different 
stages of development— little elongate oval whitish eggs, the pale 
greyish larvae, and the matme black adults. In very old specimens 
abundant signs of the attack of a Pyralid caterpillar (not reared) 
were noticeable. 

During the second visit in September-October 1923, the writer 
met with numerous examples of the galls in the inci{)ient stages of 
growth. An examination of such young galls — which were noted in 
various stages of development — and a careful dissection of those 
structures have induced him to come to certain conclusions as to the 
nature and origin of those extraordinary structures, which it is 
the object of this paper to point out. 

These galls are almost invariably axillary in their position — 
being almost always found borne at the axils of the leaves — a 
terminal position, though it may occur, is rather uncommon. In the 
older galls the tissues are so overgrown and malformed that it is 
not easy to say which part of the healthy plant the gall represents. 
It looks more hke a malformed fruit tlian anything else. In the 
, earher stages, however, evidences are more clear as to what it really 
is. In the half-formed ones the swelling is distinct and is borne on 
a stalk which it is easy to recognize as the stem of the young shoot. 
At the tip of the gall the rudiments of the young leaves of the shoot 
are clearly recognizable. The gall itself is a liollow structure 
communicating with the outside by a small hole between the leaf 
rudiments at the tip and is lined inside by a hairy epithelium (?) 
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as in the case of the surface skin of the young sBoot^ This hollow 
stracture is invariably peopled by varying numbers of the adult 
thrips and in addition contains numerous eggs and young ones of the 
same thrips. In instances of still earlier stages of development, 
the gall is but slightly formed, but is still a sort of hollow stalk in 
which 2 or 3 thrips are*busy laying eggs and rearing their offspring. 
In a few cases very young buds in which an adult thrips was insinua- 
ting itself between the young rudiments of the leaves at the tip were 
also noticed. From these observations it appears to the writer 
to be clear that when fresh shoots are put forth by the plant after 
the monsoon, the adult thrips come out of their places of hiding 
inside old galls and go in search of young shoots. They crawl 
between the leaf rudiments at the tip, and reach the growing bud 
in which they appear to attack the meristematic tissues in such a 
way that while the central part ceases to grow, the sides begin to 
lengthen and ultimately cause the formation of a pocket-like struc- 
ture at the tip of the growing shoot. The gall is therefore a bud 
or shoot gall— in which the development of the growing point is 
checked and a hollow outgrowth is formed carrying at the tip the 
leaf rudiments. The colony of thrips lives inside these hollow 
galls, breeds and increases. 

The situation is often complicated by the fact that a Gecidomyiid 
maggot also causes blister-like galls in the young leaves of this plant 
and such galls are also found on the walls of these Thripid galls. 

These galls were called “ Fruits ” by the people about Tali- 
paramba and are known to have medicinal properties, being used 
in preparations for skin diseases by the local physicians. 

These galls were found by Mr. T. V. Eamakrishna Ayyar at 
Mundakayam and Tenmalai in Travancore and reported to be used 
similarly for skin troubles, and were recently collected by Mr. J. A. 
Muliyil from Gurpur in S. Kanara District, and it is probable that 
this thrips will be found throughout the West Coast. 

The writer is indebted to Prof. H. Karny,. Zoological Museum, 
Buitenzorg, for his kind identification of these thrips. He des- 
cribed this species from specimens collected in South Siam and 
Cochin-China. [Y. Eamachandka Eao.] 
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FIRST PLANT BREEDERS’ CONFERENCE, BOMBAY. 

In the Bombay Presidency, plant, breeding as, a separate 
activity of the Agricultural Department has of recent years greatly 
increased in importance and in personnel. It was felt that the time 
was now ripe for a conference of all those engaged in this branch of 
scientific work, and accordingly the First Plaiit Breeders’ Conference 
met at the College of Agriculture, Poona, on April 14, 15 and 16, 1924. 

The members of the coiiference were thirty-one in all, and 
included the Plant Breeding Expert and his graduate staff, the 
Cotton Breeders, the jnen specializing in the breeding of rice, 
sorghum, wheat, tobacco, and inferior millets, the Horticulturist 
and his staff, and the Economic Botanist and his staff. Dr. W. 
Burns, Principal of the College of Agriculture, presided throughout 
the gathering. Dr. H. H. Mann, Director of Agriculture, Bombay 
Presidency, opened the proceedings with an address emphasizing the 
need for severe scientific treatment of oiu‘ problems and the success 
hitherto achieved. A variety of papers were presented and 
discussed, the most important and most discussed subject being the 
interpretation of the results of field experiments. The recent work^ 
of Faulkner, Sarkar, Parnell and Leslie Lord was freely cited in this 
connection, and much illuminating original information was supplied 
from the work. of the members of the conference. Work done on 
special crops was reported and criticised, certain methods of 
standardizing methods and measurements were agreed on, and a 
recommendation made that the meeting should be an anmia l 
fixture and the next meeting be held in Surat. The social side 



NOTES 


btabilization oi cotton production througli tlie control of the 
boll- weevil is the object of an aggressive movement just launched 
by the combined business interests of the United States' as represen- 
ted in the Chamber of Commerce of the United States. The drive 
against the boll-weevibwill be conducted under the auspices of the 
National Chamber s Agricultural Bureau, in co-operation with 
130 local chambers of commerce in the cotton belt. 

In a statement announcing the movement the National Chamber 
pointed out that “ a steady decline in the production of cotton, 
accompanied by an increase in the price of the American staple, 
has been reflected in increasing activity on the part of the foreign 
Covernments to develop potential cotton areas outside the United 
States, as well as in a slackening of demand for finished mill products. 
Students of the situation are asking whether at the present rate of 
production of cotton in the United States the world demand for the 
raw product can be met unless new cotton areas are brought into 
play. While we do not believe that there is any immediate danger 
of the United States losing its position of dominance in the world 
cotton markets, yet we are convinced that the situation demands 
more aggressive efforts to stabilize production.” 

The National Chamber will supply local chambers of commerce 
in the cotton belt with information for use in the campaign, inciudiuo' 
the following : — 

(1) Facts and figures showing the trend of world supply 

and of demand for raw cotton ; 

(2) Material indicating the part played by export cotton 

in the preservation of the national trade balance ; 

(3) A survey of the possibilities of increased production of 

cotton in foreign lands ; 

(4) Data showdng the steadily increasing consumption of* 

American cotton by our owm mills, wdth the propor- 
tionate falhng-off in our cotton exports. 

Information concerning the methods of weevil control and 
3he manner of applying them and the work that is being done by 
lanks and commercial organizations to stimulate the movement 





AGEICULTURAL JOURNAL OR tNDiA 


[XIX, IV. 


will be distributed, and the Agricultural Bureau mil act, as far as 
possible, as a clearing-house for all member organizations. The 
Bureau is now devising a plan for organized stalk-destruction in the 
airtumn. 

Six million bales lost ye^ably. 

In furtherance of the movement, Mr. Julius H. Barnes, President 
of the Xational Chamber, has just issued a statement dealing with the 
present cotton situation from a number of important angles. 
Mr. Barnes's statement, which showed that in 1923 the United States 
exported 13 per cent, less cotton than in 1922 and 37*8 per cent, 
less than the pre-war average, aroused the business interests of the 
country to the importance of the campaign. It was further shown 
by Mr. Barnes that the boll- weevil now is preventing production 
to the extent of about 6,000,000 bales a year. He added that this 
falling-off of exports of an item which played so important a part in 
the maintenance of the American trade balance was a matter of 
national concern. 

On the important subject of the boll-wnevil Mr. Barnes’s 
statement says : — 

This insect, though it became established on our side of the 
Bio Grande Eiver in 1892, did not seriously curtail production of 
cotton before 1914. This is explained by the fact that increased 
production of cotton in the area which up to that time was 
not infested by the iveevil offset the damage wrought in the 
area occupied by the pest. However, since 1914 the real blight 
of the insect has been felt. In that year we made our record 
yield of 16,000,000 bales. Since then production steadily 
has decreased in spite of increased acreage. Between 1896 
and 1914 the average per acre yield of cotton in this country 
was 188 lb. ; Between 1915 and 1923 this yield shrunk to an average 
of 155 lb. 

Remedy eoe the pest. 

We do not agree with the British' report that there is no real 
remedy for the boll-weevil. After many years of painstaking 
research w'hich has given us more scientific data on the boll-weevil 
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tJian perliaps on any otlier insect, tliere has been evoJved a niethod 
by which cotton can be produced in spite of the invader. 

Briefly summarized, this method calls first for maintenance 
of soil fertility in order to secure a high nonnal production, and 
the use of early maturing varieties of cotton and intensive cultiva- 
tion so that maturity* of the fibre may be brought about in the 
shortest possible time, thus to win the annual race against the 
weevil. These methods are absolutely essential for a maximum 
peld of cotton regardless of the weevil, but in addition to and in 
conjunction with these the use of an arsenical poison has been 
demonstrated to yield most encouraging results. 

In October 1923, at the call of the Louisiana State Bankers’ 
Association, there was held in New Orleans a convention for the 
purpose of organizing more aggressive action against the Aveevil. 
This convention premised its deliberations upon the fact that cotton 
production in America not only is a national problem but an inter- 
national problem as well. Out of this convention arose the National 
Boll-Weevil Control Association, which has been put on a relatively 
permanent basis for the purpose of utilizing all possible agencies in 
the task of aAA'akening industry as well as agriculture to the import- 
ance of stabilizing cotton production through more effective AA^eevil 
control. This organization is furnishing chambers of commerce, 
banks, and other organizations and individuals with the A B C of 
boll-AA'eevil control methods as finally agreed upon by both this 
associatioir and the Association of Southern Agricultural Workers, 
which made a careful study of the various control measures now in 
use. 

Because of the interdependence of agricultiue and industry 
it is the common privilege of both these great groups to strWe 
for stabilization of cotton production in this country. It is of vital 
concern to the banking interests of the East no less than to those 
in the South that cotton shall retain its place among the foremost 
items of export contributing to our American trade balance. 

Such opportunities to drive home the necessity for better 
weevil control as lie within reach of chambers of commerce, bankers’ 
and manufacturers’ associations, and other groups should be seized 
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upon and nia<Je the most of. The Chamber of Commerce of the 
United States has taken due cognizance of this national problem, 
and through it the Agricultural Bureau has planned an aggressive 
campaign which may aid in placing American cotton beyond the 
danger of losing its dominant position in the world market. Not 
as an independent organization but through the hearty co-operation 
of its member organizations throughout the cotton belt, the 
National Chamber hopes to render agriculture and industry this 
aid. 

Mr. Barnes also pointed out that in the United States the labour 
problem was one great limiting factor in the possibilities of extending 
the cotton area. When it was remembered that, as compared with 
corn, the amount of labour required for the production of an acre of 
cotton was 107 hours as against 18 hours, and that 68 per cent, of the 
labour in producing cotton fell before the time of harvest, it would 
be seen what an item this was. 


A TREE-PLANTING MACHINE. 

Attention is drawn in the February (1 924) Number of “ South 
African Journal of Industries ” to a recent invention designed 
to facilitate the planting of trees. It is known as the Duivel Tree- 
Planter, and the principle on which it works is that of taking up the 
rich nursery soil around the young tree, with the tree in the ceirtre, 
and planting the whole in the position which the tree is to occupy 
permanently. The roots are thus left undisturbed, and the tree 
suffers nothing from its change of position. The removal is accom- 
jilished by means of a cylinder which is placed around the tree and 
pushed down into the soil. By this means a young tree can be 
removed with a block of soil round its roots nine inches deep and 
nine inches in diameter. The cylinder is then planted in the 
designed spot and withdrawn. It is claimed that a young tree can 
be planted out with the Duivel machine in the hottest sun at any 
season of the year without suffering any serious setback. [Jour. 
Royal Soc. Arts, No. 3729.] 
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COTTON GROWING IN AUSTRALIA. 

We liave received the followiag for publication:— 

An authoritative article dealing with the present position of 
■ cotton-gromng in Australia and the possibility of the Dominion 
becoming an important source of supply is published in the current 
issue of the “ Bulletii? of the Imperial Institute ” (XXI, 4). The 
author, Mr. W. H. Johnson, who was at one time Director of Agri- 
culture in the Southern Provinces, Nigeria, recently paid a visit 
to Australia to report on the suitability of different parts of the 
country for cotton cultivation. 

In 1788, Governor Philip brought cotton-seed from South 
America to plant in Sydney, and since tlien many attempts have 
been made to grow cotton in Australia. The first bale of cotton 
exported from the Dominion was produced in Queensland in 1852. 
With the help of premiums paid by the Government and the high 
prices ruling as a result of the American Civil War, production 
increased and, in 1871, shipments from Queensland amounted 
to 2,602,100 lb. Subsequently, the industry declined, and, with 
the exception of a slight revival in 1890, remained practically 
dormant until the last few years. Considerable interest has now 
been again aroused. The Queensland Government are encouraging 
the growth of the industry by providing cotton-seed free of charge 
for planting purposes, and by paying farmers a guaranteed price 
for seed-cotton ; assistance is also being rendered by the British 
Cotton Growing Association. In 1922, an area of 7,000 acres were 
planted with cotton in Queensland and the yield of seed-cotton by 
the end of August had amounted to over 3|- million lb. Mr. Johnson 
discusses the problems confronting the planter in the various regions 
where cotton-growing has been proposed and concludes that the soil 
and climatic conditions in large portions of Queensland, Northern. 
New South Wales, North-West Australia, and in the Irrigation 
Settlements of Victoria, New South Wales and South Australia, 
are well adapted for cotton cultivation, but carefully conducted 
trials will be necessary to decide whether the crop can be grown 
profitably on a large commercial scale. 
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the organism is at times carried on the inside of the seed-coat. 
The pathogenicity of the organism was proved by inocnlation 
experiments. Artificially inoculated seed carried the viable 
organism on the seed lint for at least five months. The wilt disease 
was introduced into wilt-free soil by means of artificially infected 
seed. It is recommended that badly infected fields be rejected as a 
soiu’ce of seed for planting. 

A 
* * 

RESTRICTIONS ON IMPORT OF PLANTS FROM INDIA INTO 

SCOTLAND. 

In amplification of Notification No. 360, dated 29th 
February, 1924 {Agri. Jour. India, 'KIK, 3, p. 327), it is notified 
by the Government of India in the Department 'of Education^ 
Health and Lands (No. 825, dated 12th June, 1924) that a 
Destructive Insects and Pests Order has also been passed by 
the Board of Agriculture for Scotland, dated 23rd June, 1922, 
the terms of which are the same as the Destructive Insects and 
Pests Orders made by the Agricultural Departments of England, 
Northern Ireland and the Irish Free State. The arrangements 
published in the above Notification which have been made in 
India for the inspection and certification of plant consignments 
intended for export to England, Wales, Northern Ireland and the 
Irish Free State will also be applicable to plant consignments 
intended for export to Scotland, the original of the certificate 
•covering which should be forwarded by the exporter to the- Board 

of Agriculture for Scotland, York Buildings, Queen Street, 
Edinburgh. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS 
MEETINGS AND CONFERENCES, ETC. 


His Majesty the King-Emperor’s Birthday Honours Lisi 
contains tlie following names which Avill be of interest to the 
Agricultural Department:-— 

KnigMhood. The Hon’ble Mr. M. S. D. Butler, C B., CJ.I.E., 
C.V.O., C.B.E., I.C.S., President, Council of 

State; ■ 

aS.I. Mr. Frank Hoyce, C.B.E., I.C.S., Secretary to 
Government, Development Department, Madras. 
Rao Bahadur. Mr. Pandurang CHiMNA.n Patil, M.Sc., L.Ag. 

Deputy .Directpr of Agriculture, South Central 
Division, Bombay. 

Rai Sahib. . Babu Srish Chandra Banarji, F.C.S., 0%. 

Assistant Agricultural Chemist, United Provinces! 
Babu Haridas Banarji, Head Assistant, Office 
of the Director of Agriculture, Bengal. 

MR. J. W. Bhore, C.I.E., C.B.E., I.C.S. (Madras), has been 
appointed Secretary to the Government of India, Department of 
Education, Health and Lands, vies Sir Montagu Butler appointed 
President of the Council of State. 

* 

* * 

Mr. M. S. a. Hydari, I.C.S. (Madras), has been appointed to 
officiate as Under-Secretary to the Govermnent of India, Depart- 
ment of Education, Health and Lands. 

* 

^ ■ ■■■■■ 

Dr. W. H. Harrison, D. So., has been appointed to officiate 
as. Agricultural Adviser to the Government of India and Director, 
Agricultural Research Institute, Pusa, vice Dr. D. Cloiuston, C. I. E., 
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granted leave for 3 months and 25 days. Dr. W. McRae officiates 
as Joint Director of the Institute and Mr. J. N. Mukeejee as 
Imperial Agricultural Chemist. 


Mr: M. Wynne Sayer, B.A., Secretary, Sugar Bureau, Pusa, 
has been appointed to officiate as Imperial Agriculturist from oth 
June, 1924, vice Mr. G. S. Henderson on other duty; Mr. Arjan 
Singh officiated as Imperial Agriculturist from 14th April to 4th 
June, 1924. 


Mr. 1^. J. Bruen, Deputy Director of Agriculture for Animal 
Breeding, Bombay, has been appointed to officiate as Imperial 
Dairy Expert, Bangalore, vice Mr. W. Smith granted leave for six 
months from 25th April, 1924. 


Mr. T. P. Main, B.Sc., Deputy Director of Agriculture, Bombay, 
has been appointed to officiate as Director of Agriculture, ^nce 
Dr. Harold H. Mann granted leave for six months. 


Dr. W. Burns, D. Sc., Economic Botanist to Government, 
Bombay, ha^> been confirmed in his appointment as Principal, 
Agricultural College, Poona. 


Mr. B. S. Patel, B.Ag., N.D.A., N.D.D 


Professor of Agricul- 
ture, Agricultural College, Poona, has been appointed to officiate 
as Deputy Director of Agriculture for Animal Breeding, Bombay, 
vice Mr, E. J. Bruen on other duty. 
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Mr. V. G. Gokhale, L.Ao., Deputy Director of Agriculture 
Bombay, has been appointed to officiate as Professor of Agriculture, 
Agricultural College, Poona, vice Mr. B. S. Patel on other duty. 

* 

Mr. M. Iv. Pawar, B.Ag., has been appomted to officiate 
as Deputy Director of Agriculture, Konkan, vice Mr. V. G. Gokhale 
on other duty. 


Rao Saheb Bhimbhai M. Desai has been appointed to act 
as Deputy Director of Agriculture in the Indian Agricultural Service, 
Bombay, from 19th April, 1924, the date of retirement of Mr. J. B. 
Knight. 

* 

* * 

Mr. T. Gilbert, B.A., Deputy Director of Agriculture, Sind, 
has been granted combined leave for 15 months and 7 days from 

1st September, 1924. 

' • , ^ :■ ■ 

❖ 

Me. W. M. Schutte, A.M.I.M.E., M.R.A.S.E.^ Agricultural 
Engineer to Government, Bombay, has been granted leave on 
average pay for six months from 1st July, 1924. 

■ , ■ ■ ■ . ■ ■ . • ^ ■ ■ ■ ■ 

Mr. C. S. Patel, B.Ag., has been appointed to act as Deputy 
Director of Agriculture, North Central Division, Bombay, vice 
Mr. W. J. Jenkins granted leave. 

* 

* * 

Mb. F. R. Parnell, M.A., Government Economic Botanist, 
Madras, has been permitted to retire from the Indian Agricultural 
Service from the date of expiry of leave granted to him. 


Mr. B. Viswanath, Officiating Government Agricultural 
Chemist, Madras, has been admitted a Fello^y of the Institute of 
Chemistry in London (P. I. C.), as a result of examinations held 
a few months ago. 
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Mr. D. Anand Eao, B. Sc., Deputy Director of Agriculture, 
Madras, and Eao Saheb T. S. Veukatraman, B.A., Government 
Sugarcane Expert, Goimbatore, have been confirmed in the Indian 
Agricultural Service from 10th June, 1924. Mr. Anand Eao was on 

leave for one month from 1st June, 1924. 

Mr. C. Tadulinga Mudaliyar, F.L.S., who has been promoted 
to the Indian Agricultural Service from 3rd September, 1923, 
has been appointed Lecturing and Systematic Botanist, Agricul- 
tural College, Coimbatore. 



Mr. F. Ware, M.E.C.V.S., Chief Superintendent, Civil Veteri- 
nary Department, Madras, has been granted an extension of leave 
on half average pay for 14 months and 12 days from 11th October, 
1924, in lieu of study leave for 4 months previously granted to 
him. 

Mr. T. J. Hurley, M.E.C.V.S., Officer in charge of the First 
Circle, Civil Veterinary Department, Madras, has been appointed 
to officiate as Professor of Surgery, Madras Veterinary College, 
from 1st July, 1924, vice Mr. P. T. Saunders on other duty. 

■ -He Hs 

Mr. P. T. Saunders, M.E.C.V.S., Professor of Surgery, 
Madras Veterinary College, has been appointed to officiate as 
Professor of Pathology and Bacteriology, vice Mr. V. Krishnamurthi 
Ayyar deputed to the Imperial Bacteriological Laboratory, Muktesar, 
for training. 

4c ^ 

In modification of a previous notification, Mr. A. C. Dobbs, 
B.A., Director of Agriculture, Bihar and Orissa, has been granted 
leave on average pay from 28th April to 25th October, 1924. 

* 

* * 

The services of Dr. H. M. Leake, Sc.D., M.A., Director of 
Agriculture, United Provinces, on deputation under the Government 
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)eeu replaced at the disposal of the Government 
3vinces from 21st May, 1924 . He has been granted 
pay for three months from the date of reversion. 


Saroar Sahib Kharak Singh, M.A., Associate Profes 
of Agriculture, Punjab Agricultural College, Lyallpur, has b( 
granted leave on average pay for two months from'^21st M^y, 1924 , 


■ Mr. Muhammad Abdullah has been appointed to officiate 
as Deputy Director of Agriculture, Gurdaspur Circle, ' Punjab, 
vice Malik Sultan Ali granted leave. 
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'ora leave, Mr. Leslib Lord, B.A., J 
lurma, has been posted to the charge 
Quarters at Maudalay. 


In consequence of certain vacancies caused by the retirement 
of nominated members, the following have been nominated to be 
members of the Indian Central Cotton Committee, Bombay 
Mr. B. F. Madan to represent Co-operative Banking. 

Mr H. T. Conville to represent the Punjab Cotton Growing 

Industry. i » • u i 

Mr. R- C. Broadpoot to represent the Madras Agricultural 

Department. 

Mr. G. Z. Meli, to represent the Chamber of Commerce, 
Tuticorin. 





Practical Botany. By Diwan Bahadur K. Eangachabi, M.A., L.T. 

(Madras : SuiJerintendent, Goveruinent Press.) 

We^ cordially welcome this book which is the third of the 
publications recently contributed by the author to the study M 
Indian botany. It is prepared from the material handled by the 
author and his colleagues for the exercises which were taught to 
successive batches of students of the Agricultural College and 
Eeseaich Institute at Coimbatore. The book, which is divided into 
three sections dealing with Morphology, Physiology and Cryptogams, 
quite appropriately forms a valuable laboratory supplement to 
the author’s excellent “ Manual of Elementary Botany for India.” 

We have read over the book with great interest and find it to 
be an extremely useful guide to the students of practical botany, 
even of advanced classes, and it is more so to the teachers and 
demonstrator. The selection and preparation of plant materials 
and objects leaves nothing to be desired. There are appropriate 
illustrations in the three sections and some good microphotographs 
are also reproduced. The latter are extremely useful. Their value 
would have been further enhanced had they been supplied with 
explanatory references by pointed lines to the contents. This 
want is more particularly felt in the case of Figs. 1, 5, 11. In 
the portion on physiology, one would expect to see more illustra- 
tions. There are none of the latter to explain experiments' of photo-" 
synthesis. Such were specially necessary for experiments 7, 9, 5(h). 

The four appendices, giving a list of apparatus, micro-technique, 
etc., provide all detailed information that may be needed for fit tin g 
up a botanical laboratory that will serve the purpose of the teacher 
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The author’s method of treatment of the subject discloses his 
appreciation of the difficulties of the students and his consequent 
endeavour to make the instructions clear at each step. As the 
student progresses in the study of practical botany as presented in 
this book, more and more interest in the study is awakened in him 
to pursue the subject. The writer’s aim mentioned by him in the 
preface — of not compelling the student to discover things for 
himself but of him by giving clear instructions and guidance 

— ^has been very well accomplished. 

The book is a valuable addition to the literature on Indian 
botany and we commend without hesitation this book to students 
and to teachers. [G. B. P.] 


Some Studies in Bio-Chemistry.— By Some Students of Dr. Gilbert 
Fowler, D.So. Pp. 197. IIlus. (Bangalore: The Phcenix 
Printing House.) 

This publication is a collection of 26 short articles and studies 
in industrial and bio*-chemistry, dedicated to Dr. Fowler on the 
eve of his retirement from the chair of bio-chemistry at the Indian 
Institute of Science, by the authors, some of his former students. 

The range of subjects discussed is very wide, including, as it 
does, problems connected with such raw materials and products of 
industry as acetone, alcohol, fibres, lac, manures, edible oils, 
leather and tannery products, and gives the reader a slight idea 
of the number and variety of problems connected with industry 
in India, the solution of which cannot be expected to be found 
without the work of bacteriologists and bio-chemists. [J. H. W. j 


NEW BOOKS 

ON AGEICULTUEE AND ALLIED SUBJECTS 


1. The Soil and its Management, by Merritt F. Miller. Pp. 

vi+386. (Boston and London : Ginn & Co.) Price, 7s. Qd. 
net. . 

2. Beasts of an Indian Village : A popular account of tbe Common 

Back-boned Animals of an Indian Village, by Douglas 
Dewar. Pp. viii-f 132+9 plates. (London, Bombay, 
Calcutta and Madras: Oxford University Press). Price, 
4s. Qd. net. 

3. Farm Equipment for Mechanical Power, by Frank N. G. 

Kranich. Pp. xv+405. (London: Macmillan & Co., 
Ltd.) . Price, 12s. 6(^. net. ^ ^ ^ 

4. The Production of Field Crops : A Text-book of Agronomy. 

Pp. 514. (London and New York : McGraw-Hill Publishing 
Co.) Price, 17.s. 6d. ^ ^ 

5. Butterflies of India, by Chas B. Antram, F.E.S. Pp. xYi+ 

226+412 figs. (Calcutta and Simla: Thacker, Spink & 
Co.) Price, Es. 30. 

6. Economic History of American Agriculture, by Prof. E. L. 

Bogart. Pp. x+173. (London : Longmans, Green & Co.) 
Price, 6s. net. 

7. Manuring of Grass Land for Hay, by Winifred E. Brenchley. 

Pp. viii+146. (London : Longmans, Green & Co.) Price, 
12s. %d. net. 

8. Grassland Farming, Pastures and Leys, by W. J. Malden. 

Pp. xxiv+314. (London : Ernest Benn, Ltd.) Price, 30s. 
net, 

9. Quantitative Agricultural Analysis, by E. G. Mahin and 

E, H. Carr. (International Chemical Series.) Pp. xiii+329. 
^{London : McGraw-Hill Publishing Co.) Price, 13s. 9(?. 
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The following publications bave been issued by the Imperial 
Department of Agriculture in India since our last issue ; — 

Memoirs. 

1. Studies in Indian Tobaccos. No. 4. Parthenocarpy and 

Parthenogenesis in the varieties of Nieotiana Tabaeum L. var. 
Cuba and var. Mirodato, by Gabrielle L. C. Howard, M.A., 
and Kashi Ram. No. 6. The Inheritance of Characters 
in Nicotimia rmtica L., by Gabrielle L. C. Howard, M.A. 
(Botanical Series, Vol. XIH, No. 1.) Price, Rs. 2 or 2s. 9i. 

2. The Wilt Disease of Safflower, by S. D. Joshi, B.Sc. (Botanical 

Series, Vol. XIII, No. 2.) Price, R. 1 or Is. 6d. 

Bulletin. 

3. The External Morphology and Bionomics of the Commonest 

Indian Tick {Hyalcmima cegyptiam), by Mohammad Sharif, 
M.A., P.R.M.S. (Pusa Bulletin No. 152.) Price, R. 1. 

. Report. • 

4. Report of the Proceedings of the Fifth Entomological Meeting, 

held at Pusa from 5th to 10th February, 1923. Price, 

■ Rs. 9-8. vd “ : 





SOME COMirON INDIAN BIEDS. 

No. 29. THE INDIAN LONG-TAILED NIGHTJAR (GAPRIMV 
MACRVRUS ALBONOTATUS). 


T. BAINBRIGGE FLETCHER, R.N., F.L.S, 
Imperial Entomologist ; 


ojjDOico, xuuiteen unmea lorms contamea m two genera, 

occur within Indian limits. One species, the Great-eared Nightjar 
{Lyncomis ce^viniceps), occurs in Burma and Travancore and is 
readily distinguishable by the presence of tufts of feathers just 
above and behind the ear-coverts, but all our other Indian Nightjars 
belong to the typical genus Gapriniulgus, without ear-tufts, and are 
very much alike, all being brownish or yellowish-grey mottled with 
darker and lighter spots. In habits, as in general appearance, 
they are all very similar, resting during the day-time on the ground 
amongst vegetation or stones or clods of earth, and appearing on 
the wing only at dusk, when they hawk about for insect^ which they 
catch either on the wing by means of their large mouth, which can 
be opened very widely, or on the ground. They are rarely seen 
in the day-time, when they keep quite motionless, squatted on the 
ground, and are readily passed over as a clod of earth, but are 
commonly seen on the wing in the evening or may be found on roads 
catching dung-beetles attracted to cattle-droppings. 
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As in some otlier groups of birds, the typical Nightjars have a 
comb-like formation on the inner side of the long middle-toe, but 
the use of this structure appears to be unknown although it is 
supposed to be of use in cleaning the beak and the long rictal 
bristles from the hooked claws of beetles and from the scales of 
moths which have been caught in the modth. These birds have 
also strongly developed rictal bristles which doubtless assist them 
to obtain insect prey on the wing. 

Their noiseless flight is very characteristic and more resembles 
that of a gigantic moth than that of a bird. It consists of a few 
quick flappings of the wings alternated with rapid and complicated 
glides and wheels through the air with wdngs widely extended. 
Sometimes the tips of the long wings are brought together above 
the back with an audible smack. Its position at rest also makes it 
easy to place a bird as a Nightjar, as it squats down with its Avhole 
body on the resting surface; also when a Nightjar perches on a 
branch, it sits on it lensthwise, and not across it as' other birds do. 


Common Indian Nightjar {Gaprimulgus asiaticus ) ; Left foot and head. 
(After Blanford, I* BirdS) Vol. Ill, figs. 53 and 54.) 


, .S'"! ' V , 
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uAivtu Ld,it,u!5,^ ocouis commonly tliroiighout mo.st parts of tlie 
Plains of India, Ceylon and North Banna. It is found in open 
and cultivated country, groves, gardens and non-forested areas 
pnerally and is often seen near habitations. It occurs commonly 
in the larger gardens of Calcutta and is sometimes known as tlm 
“ Ice-bird,” because it3 cry, which is constantly heard at night, 
is like the sound made by a stone skimming over the frozen surface 
of a pond, the note being repeated slowly at first and then more 
quickly. 

In North Bihar the Common Nightjar seems to be replaced 
by the Indian Long-tailed Nightjar (Gaprimulf/us macmrus albono- 
tatus), shown on our Plate, which is very similar to the Common 
Nightjar but rather larger in size, and may be distinguished by 
having the tarsus feathered throughout. It is found throughout 
the Plains from North-West India to Assam, extending into the 
lower ranges of the Himalaya, wherever suitably wooded areas 
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“ A very 'remarkable trait in this bird is the fact that the 
female will accept the advances of more than one male, but, remark- 
able as it is, it is undoubtedly the fact, for on one occasion I was a 
witness of it nor could there be any mistake, for both males were 
present at the same time and within three yards of me. 

“ The actions of the young are very ’peculiar ; tiny mites, 
still bhnd — their eyes do not seem to open till the seventh day— will, 
when first discovered or when they hear a heavy tread near them, 
lie flat on the ground, their colour closely assimilating with the 
dead bamboo leaves or other material on which they lie ; should, 
however, the danger of discovery become very imminent, they will 
crawl under the leaves and hide from sight altogether.” 

Like other Nightjars, the Indian Long-tailed Nightjar makes 
no nest, laying its eggs on the bare ground, usually in some sheltered 
situation. Pairing begins in March and eggs are usually laid by the 
end of this month or early in April in the Plains, or a little later 
in the Hills. The number of eggs laid seems to be always two. The 
eggs vary somewhat in colour, from creamy-white . to salmon or 
fleshy clay-colour, blotched and speckled with reddish-brown, and 
measure about 30 by 22 mm. The hen bird sits very closely on her 
eggs, so that she may almost be trodden upon before flying ofl. 
Speaking of Nightjars in general, Newton remarks : — “ So light 
is it that the act of brooding, even where there is some vegetable 
growth, produces no visible depression of the grass, moss, or lichens 
on which the eggs rest, and the finest sand almost equally fails to 
exhibit a trace of the parental act. Yet scarcely any bird shows 
greater local attachment and the precise site chosen one year is 
almost certain to be occupied the next.” 

The call of this species is quite diSerent from that of the 
Ice-bird,” consisting of the sounds “ olwunh chounk ” repeated at 
intervals, and may be compared to the sound made by striking a 
plank with a hammer. When on the wing it also utters a low 
chirping cry. 

Nightjars are also known as Goat-suckers, from a popular 
that they suck the milk of goats : it is hardly necessary to say 
they do nothing of the kind. Vernacular names applied to 
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Niglitjais generally in India are Ghippak or Gfuijypa Dah-cJiuri or 
Bablmk (an appropriate name, derived from clahna, to crouch), and 
Andha-chiriya (blind bird). Other appropriate names are Kappa- 
pitta (frog bird, Telegii) and Pathekai (roadside-bird, Tamil). In 
Burmese it is Hnet-pyin. 



CROP REPORTING- IN INDIA, 


Rai Bahadur D. N. GHOSH, B.A., F.S.S., F.EcoS.,. 

Director of Statistics. 

It is proposed to give in the present article some general 
information as to the methods of framing estimates of outturn in 
crop forecasts in India as well as in the United States of America and 


The peesbnt method in India. 

The framing of an estimate of the outturn of a crop depends on 
three factors — the area, the standard normal outturn per acre, and 
the condition estimate. 

: As regards area, there exists in the villages of most provinces 

an agency capable of reporting the acreage of crops with great 
accuracy, wherever fields have been mapped and surveyed. There 
are certain tracts (mostly in Bengal, Bihar and Orissa, some parts 
of Madras, etc.) which consist chiefly of permanently settled estates, 
lands held on privileged tenmes, and unsurveyed areas, where, 
owing to the absence of trained village establishments, the estimates 
of area are more or less conjectural, but these estimates are revised 
from time to time by careful comparison with the conditions pre- 
vailing in those adjoining areas of a similar character for which 
accurate information is available and by means of such special 
enquiries as may be possible. Estimates of areas under mixed 
crops are also more or less conjectural as they are based on formula) 
prescribed by provincial authorities. 

The second factor, the normal outturn 'per acre, is briefly defined 
to be “ the average yield on average soil in a year of average 
character ”. This normal or average outturn does not necessarily 
correspond with the average figure for a series of years, which is 
an arithmetical abstraction and may possibly never occur. The 
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Agricultural Department in each province maintains a statement^ of 
the normal yields per acre of crops (under the two major heads 
of “ irrigated ” and “ unirrigated ”) of lands of average quality 
in each district. In order to test the accuracy of these standards 
of normal yield and to revise them, if necessary, a system of crop- 
cutting experiments is’in force in all the provinces. Under this 
system plots of land of average quality are selected, and the crops 
grown on them are cut and weighed in the presence of responsible 
officers of the district staff or of the provincial Agricultural Depart- 
ment. These experiments are carried out every year in respect 
of all the principal crops and in accordance with the rules specially 
framed by provincial authorities. The results of the experiments 
are reported to the head of the provincial Agricultural Deiiartment 
who, on a careful scrutiny of all the reports and after such further 
investigations as he may deem necessary, revises or verifies the 
standards previously adopted for the districts or the province. 
This revision is ordinarily made once in five years. 

The third factor — the oondition estimate — the fraction repre- 
senting the relation of the crop reported on to the normal crop per 
acre. In many parts of India, the cultivators estimate the crop 
outturn in annas or sixteenths. They take a certain number of 
annas to represent the normal outturn and estimate the outturn of 
the year of report as so many annas higher and lower than the 
normal. There is, however, no fixity in the standard of anna 
notation ; and the number of annas taken to represent a normal 
outturn varies between 12 to 16 — in some tracts 16 annas represent 
a normal crop, while in others the same term denotes a bumper 
crop. Consequently 'the anna estimate of one tract is not always 
amenable to comparison or combination with that of another 
tract. There is another system (known as the American system) 
of expressing the condition of a crop. Under this system, 100 is * 
taken to denote a normal crop and the estimated outturn of the year 
of report is stated to be a percentage of that crop. In 1897, a 
question arose as to whether the “ anna notation ” or the “ American 

^ QuliiqaemUal Report on the Average Yield per acre of Principcd G fops in India for 
the period ending 1921^2. 
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system ” should be used in maldng crop estimate, and it was 
strongly urged upon the Government of India that, as the cultiva- 
tors and the village officers entrusted with the duty of collecting 
data for crop reports were mostly accustomed to the Indian system 
(the aima notation), the adoption of any other system would tend to 
confuse the estimate. Local Governments' and Administrations 
were, therefore, permitted to adopt such scales of notation as might 



be suited to the local conditions and usages, the object being to 
secure the returns in terms of a normal crop. But as the “ anna 
standard ” thus adopted would not possess any fixed or unifonn 
value, it was laid down that in the published forecasts the American 
system should be used instead of the anna notation, i.e., 100 being 
taken to represent the normal crop and the estimated outturn 
being stated as a percentage of that crop, the conversion of the anna 
estimate to the percentage estimate being made either by district 
officers or by provincial authorities. 

When these factors are determined, the quantitative estimate 
of yield is found by multiplying these factors. Thus if the area 
be 60,000 acres, the normal outturn per acre 500 lb. and the percen- 
tage estimate (seasonal factor) be 80, the total yield will work 
out as follows : — 60,000 X 500 X xnu “ 24,000,000 lb. 


The defects of the present system. 

There is no difficulty about the area figures. On the whole, 
these figures are sufficiently accurate and admitted to be better 
than the area statistics of other countries. There are, however, 
real difficulties with regard to the second and third factors. 

Second factor. The figures of normal outturn per acre are 
mainly based on the results of crop-cutting experiments. These 
experiments have not yet been conducted on a large scale by trained 
officers of the Agricultural Department, as they should have been 
done, but by officers of the district staff having little or no expert 
knowledge of agricultural conditions and operations. Moreover, 
the amount of care and caution necessary for the experiments 
is not bestowed on them. Consecpiently the figures are only rough 
approximations to truth. 
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Third factor. The original “ anna estimate ” nn which the 
seasonal factor is based is in most cases framed by the fotawari 
(village accountant) or an officer of similar standing. These 
patawaris are not sufficiently intelligent, and, like most Indian 
cultivators, think too poorly of the crops owing to their ingrained 
pessimism. It is difficult for them to envisage what a normal crop 
IS. The mental image of the normal crop which the pafmvaris have 
in mind when estimating crop condition is the crop which they 
would like to see but which they rarely see. They fail to realize 
that a normal crop over a great area must have its fair share of crop 
troubles. The result is that the normal in relation to which crop 
condition is estimated by the patawaris is something really above the 
normal. Consequently a normal crop is very rarely reported by 
them. Opinion is therefore ■ unanimous that crop yields in India 
are greatly under-estimated. 

It will thus be seen that it is desirable to improve the second 
and the third factors. The Board of Agriculture in their meeting 
held in 1919 ponsidered the whole question and their conclusions 
circ siiiiiiiiarisGcl in tli6 following p8»r8»gr<ip]is. 

The Board recognized that the area figures are hard to beat 
except in permanently settled tracts. They, therefore, could not 
suggest any method by which the area figures could be further 
improved upon except by the improvement of the detailed main- 
tenance of land records in permanently settled tracts and by an 
improvement in the method of returning the area under “ mixed ” 
crops. As regards the area under mixed crops, the Board did not 
propose a definite method which would be better than the existing 
one. According to the existing method, each province has a set of. 
rules framed for the purpose in conformity with the broad principles ■ 
that the area to be returned must be the area covered by the forecast 
crop exclusive of the area covered by other crops with which it' ’ 
is mixed. I he maintenance of detailed land records in permanently 
settled tracts will no doubt lead to an improvement in the area 
figures for these tracts ; but the question is bound up vfith other 

considerations and is mostly a matter for the local authorities to 
decide. 
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With reference to the second and the third factors, the late 
Mr. G. A. D. Stuart, Director of Agriculture, Madras, proposed in 
1919 a change in the procedure which was accepted by the Board. 
In the place of “ normal or average yield ” from crop experiments, 
which mean working from particular to general, he proposed the 
reverse process of working out particular from general. He suggest- 
ed that a statement of “ actual yield ” of crops should be compiled 
at the end of each year by means of collection and detailed study 
of statistics of movement by rail and sea, of manufacture or of any 
process, such as baling, and of estimates of local consumption and 
caiTy-over. When this is done for a series of years (say, ten), the 
total of the actual yields divided by the total areas would give the 
“average yield per acre”. As for the seasonal factor, Mr. Stuart 
would leave the patawaris to follow their traditional method of 
estimating in annas, but would interpret their estimates in the 
light of past experience and would translate them into intelligible 
language. Thus if ^^patawanis reported the following percentages 
of the normal crop in the past ten years— 68 , 79 , 72 , 85 , 81 , 
74 , 72 , 83 , 67 and 75 (total 756 or annual average 75 ' 6 ), and 
report the crop of the year of report to be 83 per cent, of the 
normal, the seasonal condition of the year of report should be taken 
= 110 per cent. This means that assuming ten years to be 
a long enough period to eliminate seasonal fluctuations, the average 
or normal crop is that which the patmmris mark as 75’ 6 per cent, 
on his scale. Accordingly Mr. Stuart proposed the following formula 
for working out yields : — 

Total yield = Area X average of x , . 

^ ^ area average seasonal factor 

Theoretically, Mr. Stuart’s method seems to be an improve- 
ment, but the whole thing hinges upon the ascertainment of “ actual 
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it was apparent tiat the statistics published by the railway authori- 
ties were not sufficiently detailed for the purpose and that their 
forms had to be altered in various ways before accurate information 
could be gleaned from them. Further there is an micertain element, 
viz., local consumption, which has always to be guessed. Now with 
the recent abolition of rail and river-borne trade returns as a result 
of letrenchment, the determination of the actual yield of crops 
according to Mr. Stuart s method has become practically impossible. 

It should be stated in this connection that the Indian Sugar 
Committee, which sat after the meeting of the Board of x4griculture, 
dealt with the question of compiling crop forecasts in India. The 
Committee, while endorsing the recommendations of the Board of 
Agriculture in general, held that, in the case of the sugarcane crop, 
the method of ascertaining actual yield is quite inapplicable as the 
proportion of the cane crop which is moved by rail is altogether 
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an appreciable anioimt of band-ginned cotton does not pass tbrough 
ordinary ginneries, but goes direct to press. Consequently the 
sum of the amount pressed in factories and the amount of unpressed 
cotton received in spinning mills gives the nearest approach to the 
actual crop. This method was tried and fortnightly returns under 
the name of " Cotton Press Return ” were issued so far back as 1915 
and continued till 1920, when they were abolished on the ground 
that they were hopelessly incomplete, there being no law compelling 
mill and press owners to furnish returns and much less accurate 
returns. There is, however, a proposal for reviving the weekly 
cotton press returns from all cotton-pressing factories which should 
be made compulsory as early as possible. In 1923 an Act called the 
“ Indian Cotton Cess Act ” was passed by the Glovernment of India, 
Section 6 of which prescribed compulsory monthly returns of cotton 
consumed or brought under process in each mill. Unfortunately 
the Act extends to British India only. There are many cotton 
mills situated in Indian States, and consequently the returns of mill 
consumption expected to be obtained on account of d^he Act would 
serve no useful purpose unless Indian States prepare similar returns. 

The examination of forecast figures, in the light of actuals 
when they are known, is helpful both to the mercantile community 
and to the officers entrusted with the preparation of crop forecasts. 
If the results are satisfactory, more reliance will be placed on the 
forecasts published and the responsibility of making correct estimates 
will be ensured. Such an examination is now made in the case of 
cotton crop only in the final general memorandum each year. 
Here the actual is taken to be the sum of net exports and consump- 
tion, both mill and extra-factory, the figures "of mill consumption 
being furnished by the Bombay Millowners’ Association and those 
^ of extra-factory consumption being conventional estimates made 
by the Cotton Contract Board (now the East India Cotton Associa- 
tion) of Bombay. In the present circumstances this sort of examina- 
tion has not been possible for any other crop owing mainly to the 
absence of any reliable information regarding consumption. 

With regard to the third factor, however, there is no difficulty 
in adopting Mr. Stuart’s proposal for correcting the condition 
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estimate reported by the subordinate staff. A beginning has 
already been made in this direction and some of the provincial 
forecasts contain condition estimates as proposed by Mr. Stuart. 

In crop forecasts comparison is generally made with the corre* 
spending forecasts of the previous year. To meet the demand of 
the trade, comparison i,^ sometimes also made with the final estimate 
of the previous year, although it may be somewhat misleading. 
For example, in India there are certain crops, such as cotton and 
sesamum, of which more than one variety is grown and the sowings 
of the late variety do not even commence at the time of the first 
forecast. 

Non-official agencies such as large exporting firms, land-holders, 
trade experts, etc., are often in a position to render valuable assistance 
in arriving at correct estimates of outturn of crops and should be 
resorted to with a view to make the present crop estimates of 
greater value than at present. Some provincial Directors of Agri- 
culture have realized the importance of this outside help and consult 
in some cases, such non-official opinion, e.g., the Bihar Planters’ 
Association in respect of the indigo crop. This system is, however, 
capable of greater expansion and more use than at present. 

To sum up. On a consideration of the facts stated above it 
appears that all that is necessary and practicable in the present 
circumstances in regard to crop forecasts is— 

(а) to leave the area estimates as they are, 

(б) to pay more attention to the system of crop-cutting 

experiments in order to improve the standard normal 

outturns per acre, and 

(c) to adopt Hir. Stuart’s method of correcting the condition 
estimate reported by the primary reporting agency. 


Method IN FOREIGN COUNTRIES. ' 

The methods followed in foreign countries, particularly in the 
United States of America and Egypt, may be of interest in this 
connection and are described below r— 

V.S. A. According to the Department of Agriculture, Washing- 
ton, for many years past, in fact since the Bureau of Census was 
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organized in 1862, it Jias been tbe practice to accept the estimates 
of acreage planted under different crops as reported by the Bureau 
of Census every ten years.* In the first year following the 
census, the crop reporters of this bureau would estimate the acreage 
planted as a percentage of the acreage reported by the census for 
the preceding year ; the second year following the census the 
acreage would be estimated as a percentage of the acreage estimated 
in the preceding year, and so on, until figures for the next census 
are available. Theoretically, if there is no bias or tendency to 
under-estimate or over-estimate on the part of crop reporters, the 
acreage estimate by this method for the tenth year after a census 
would agree with the acreage reported by the census for that year. 
A weak point in the system Avhich has long been recognized is the 
fact that individual crop reports are not free from bias, and there 
appears to be a fairly uniform tendency to either over-estimate or 
under-estimate the acreage, the result being a cumulative error 
which in ten years is apt to result in a wide discrepancy between the 
estimates of this bureau and the figures of the census.. To illustrate, 
if the Bureau of Census should report 10,000,000 acres planted to a 
given crop, and there should be a uniform tendency on the part 
of the crop reporters of this bureau to under-estimate the acreage 
of this crop an average of two per cent, annually, this bureau might 
estimate the acreage as 9,800,000 acres in the first year after the 
census, as 9,604,000 acres in the second year, as 9,412,000 acres 
in the third year, and so on until the tenth year, when the bureau’s 
estimate for the crop would be 8,170,000 acres. If during the 
ten-year period there had actually been no change in the acreage 
planted to the particular crop in question, and the census should again 
report an acreage of 10,000,000, the result would be a manifest 
.discrepancy of 1,830,000 acres between the figures of this bm-eau and 
those of the census. Further discrepancies would appear in the yield 
per acre and the total yield. 


* Prior to 1880, the census did not show acreage of crops> merely production ; hence in the 
earlier years the acreage basis was obtained by dividing the census report of total production 
by an estimated yield per acre. 
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At or near tlie close of harvest each year ageiats and crop 
reporters of the bureau estimate the yield per acre, in bushels, 
pounds, or tons, according to the nature of the product. The 
estimate of the total production is readily obtained by multiplying 
the yield per acre thus obtained by the previous estimated total 
number of acres. ' 

During the period of giowth of crops, monthly forecasts are 
prepared to indicate as to how the harvests would finally turn out. 
The factors on which these forecasts are based involve, besides 
acreage, the condition of the crop at the time to which the forecast 
relates. The condition of a crop is expressed as a percentage of 
a normal crop usually denoted by 100. The idea of a normal crop 
is similar to that for India explained before. To make out fore- 
casts, the condition figure is reduced to a yield per acre ecpiivalent. 
This is done by means of what are called “ pars ” or the yield per 
acre represented by 100 per cent. At the beginning of each crop 
season, the statisticians of the crop reporting board of the bureau 
make a careful, mathematical and statistical study of the relation of 
condition figures as reported each month with the finally determined 
yields in previous years. Having determined what a 100 per 
cent, condition, expressed in pounds or bushels per acre, has meant 
on the average for different months in previous years, a “ par 
yield ” for each month of the current year is established, which 
is used as a basis for converting “ condition figure ” into yield per 
acre equivalent for purposes of forecasting. The object is to fix 
a •' par,” which will, in the light of what has happened in previous 
years, most nearly fit the month for which it is to be used. The 
“ pars,” therefore, vary from month to month as the season advances 
in about the same proportion as the average “'condition figures ” 
vary. As harvest approaches, the forecasts approximate the, 
final yields per acre much more closely than in the earlier months' 
because of the fact that being nearer harvest, the crop is less subject 
to change in condition due to weather influences, soil fertility, 
insects, and diseases. 

It will be observed that the method of estimating the yield 
per acre differs materially from the method of estimating the total 
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acreage, tlie a/M'eage estimate being based upon a percentage of the 
preceding year’s acreage, thus carrying on from year to year any 
ej'i'or made in any previous year, whereas the yield-per-acre estimate, 
Ireing based upon one year and not referring to any former year, 
is not afiected by any error of a previous year. A constant yearly 
under-estimate of, say, two per cent, in the adfeage will be magnified 
to a difference of about ten per cent, in five years and twenty per 
cent, (approximately) in ten years. A constant yearly under- 
estimate of two per cent, in the yield per acre will not be magnified 
in five or ten years, but, on the other hand, in comparing one year’s 
estimated yield with another, the errors will be neutralized ; that 
is, the effect would be the same, so far as comparative value is 
concerned, as though no error had occurred. In short, biassed 
errors in acreage estimates by percentages grow from year to year, 
biassed errors in yield-per-aere estimates neutralize each other. 

The Bureau of Census enumerates total acres and total 
production of crops ; if yield per acre is wanted, it is obtained by 
dividing the production by the acres. The Bureau of Crop Estimates 
obtains directly from its agents and correspondents estimates of 
acreage (as described) and yield per acre and arrives at the total 
production by multiplying acreage by yield per acre. 

Kotwithstanding the difference in methods of procedure, 
the estimates of yield per acre obtained by the Bureau of Crop 
Estimates in census years and the figures of yield per acre obtained 
by the census, with few exceptions, do not vary widely. 

Egypt. The Director of Statistics, Cairo, describes the Egyp- 
tian method, in regard to the cotton crop, as follows : — The cotton 
crop is closely followed up by the provincial staff of the Ministry 
of Agriculture from the time of sowing until it has actually been 
.picked and monthly bulletins are issued recording its progress. 
The inspectors, while availing themselves of the information supplied 
by the sub-inspectors, agricultural engineers and other members 
of the technical staff in the provinces, make extensive tours in the 
fields and visits to the villages to enable them to form their own 
opinion of the condition of the crop in its successive stages as 
a result of personal inspection and first-hand information. 
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On tlie 25tli ot eaoli month, the inspectors supply the Statistical 
Service of the Ministry with notation figures indicating the condition 
of the crop in their respective provinces at the time of reporting, 
hhe notation figures are percentages of a normal (ten years' average) 
communicated to them before the crop is sown as representing a 
100 per cent, yield. The notation figures once communicated to 
the Statistical Service serve to calculate the probable total yield 
for each province and, subsequently, the probable average yield 
'pQT f&ddan (equivalent to 1'038 acres) for the whole country. The 
yields thus reckoned are liable to modification from month to month 
in reason of unforeseen factors influencing crop prospects. 

The method of calculating the probable average yield is as 
follows : The area under cotton in each province (as supplied by the 
Direct Taxes Department of the Ministry of Finance) is multiplied 
by the normal (ten years average) of the province and the resulting 
figure, being the total yield which should be obtained under ideal 
conditions, is again multiplied by the notation figure supplied by 
the inspector and divided by 100, and the product is divided by the 


Towards the middle of October the inspectors are required to 
send in their forecasts of the crop in their provinces. The forecasts 
serve to check the final estimate of the crop made in November or 
December. 

For the final estimate the system followed differs entirely 
from the one explained above and is known here as the “ Square 
System”. A “ grid ” is applied to the 1 : 50000 survey map sheets, 
and the villages within whose boundaries the points of intersection 
fall are taken as observation villages. There are about 300 such 
villages distributed all over the country. In each village twelve 
cotton-growing estates are selected, one having a total cultivated 
area of more than 60 acres, two between 20 and 50 acres, three 
from 10 to 20, and six from 6 to 10 acres. The members of the 
Inspectorate Staff keep in constant touch with the proprietors of 
these estates, and as soon as picking has been taken, accurate 
yield returns obtained from them are recorded on a special form 
and sent to the Inspectorate and thence to the Statistical Service 
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i of the Minis try of Agriculture where they are checked and average 

' yields for the various districts and provinces worked out on which 

the final estimate is made. 

As regards returns from ginning factories a special form is 
sent out to all ginneries which they are asked to fill and return 
to the Ministry before November 5th, showing the average outturn 
of lint obtained from a Icanto/r (99‘05 lb.) of seed-cotton of the 
?. different varieties from the beginning of the ginning season up to 


that date. The gimiers are not compelled by law to supply the 
information, yet no difficulty has so far been experienced in obtaining 
such information from them. 






THE FHTUEE OF COTTON-GEOWING IN SIND UNDER 
PERENNIAL IRRIGATION.® 


T. F. MAIN, B.Sc., 

Officiating Director of Agriculture, Bombay. 


WOBLI) PBODUCTION ANT) DEMAND. 

I _ One of the most live issues in the economic world to-day is the 
supply of raw cotton, and more particularly staple cotton. This 
issue is of peculiar importance to Britain 
shire industry of cotton spinning and weaving, 
supply of raw material to Lancashire have been g: 
ishing. Lancashire has for over a ( 

United States of America for her 
supply is not only diminishing 
within a calculable period of time, 


owing to the great Lanca- 
The sources of 
gradually dimin- 
century depended mainly upon the 
r raw cotton, and this source of 
but actually threatens to dry up 
. . ■ This is due to two causes : (l) a 

dupinished crop, and (2) an increased American mill consumption. 

American production of raw cotton reached its mayiTTmin 
expansion in 1911-12 when the crop exceeded 16 million bales; since 
then the crop has steadily contracted owing to the depredations 
of the boll-weevil, and now it is anticipated that the crop wiU not 
again exceed 11 to 12 million bales. 

At the beginning' of the present century home consumption in 
the United States of America amounted to only 36 per cent, of the 
crop or 4 million bales. To-day it has reached 55 per cent, or 
6| million bales.i 

For the last 20 years the business men of Lancashire have 
realized that they must look to other fields for the supply of. raw 
cotton, and strenuous efforts have been made to foster development 

* Paper read at the Agricultural Section of the Indian Science Congress, Bangalore, 19214 . : 

^ The British Cotton Growing Association Bulletin May 1923 . 
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within the Empire. The most promising countries appear to be the 
Sudan, India and Nigeria. If for the moment we exclude India, 
we find that the total production within the Empire has not reached 
very large dimensions, and is not increasing very rapidly. 

Thus the total crop in 1916 was estimated at 78,800 bales, 
while in 1922 the figure had grown to 103,400 bales. Apparently 
lack of communications is one of the chief obstacles in the way of 
rapid expansion in these Colonial areas. Lack of population, 
except in Nigeria, also appears to be a formidable difficulty. 

Turning now to India, the crop has t^vice exceeded 6 million 
bales in recent years including 1921-22, but only some 1,400,000 bales^ 
are of the quality required by Lancashire. After meeting the 
Indian home consumption demand, there are only some 200,000 
bales of this quality available for export, of which the bulk goes to 
Japan. 

It is thus evident that Lancashire has still much cause for 
anxiety with regard to her future supplies of raw cotton, and this 
fact would have been still more strongly realized, had not the 
depression in the cotton goods trade masked the position by cutting 
down the demand for raw material. 

In these circumstances, one is forced to look to India to make 
a material contribution to the solution of this problem, and no part 
of India offers greater prospects than the irrigated regions of the 
North-West, including the Punjab and Sind. The Punjab already 
has 10 million acres of land under annual cultivation on her great 
canals, and large new schemes of irrigation are projected. 

This part of India roughly coincides with the Indus plain. 
Eail-communications are good, and there is "a large population 
already familiar with cotton-growing. The crop of this tract is 
^ easily brought to the port of Karachi. 

Description op Sind. 

Geographically, Sind is the most western part of India, and lies 
between 23° 35' and 28° 29' N. latitude, and is thus just outside the 
tropics. 

^ The British Cotton Growing Association Bulletin 81, July 1923. 
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i’U'^IUEE OF COTTON-GROWIiSrG IJT SIND 


^ J De accompanying map (Plate XI) gi^es a general idea of tli 
shape of tlie province, from which it will be seen that it consists of j 
ongish step of country with a river passing through the centra 
portion. The length from north to south is about 350 miles and th 
width varies from 120 to 250 miles. The total area is about 
30 million acres, compi’ised within 47,000 square miles. For the sake 
of comparison may be interesting to point out that, in point of 
size, Smd is slightly less than England. ■ Only about half of the 
province, or 15 million acres, is culturable, the other half beinc^ 
mainly mountainous and desert. The great feature of the province 
IS tm rnmr Indus which drains a large section of the Xorth-West of 
India. The discharge of this river at Sukkur at the height of the 
ood season has reached nearly a million cusecs, while in the cold 
wea her, in March, the discharge has fallen below 20,000 cusecs. 
h or all practical purposes, agriculture in Sind depends upon this 
river, as the rainfall is almost negligible (about 5|- inches). A 
series of canals withdraw water from the river and“ distribute it 
through the cquntiyside. This water is heavily laden with silt and 
i^s igi y piized foi its fertilizing as well as its irrigating propertv. 
In the flood season, the banks are too low to contain the great 
volume of water, and hence there is a great overflow which formerly 
caused enormous damage, but the Indus River Commission, through 
t ie construction of protective bunds, roughly parallel to the banks, 
have succeeded m controlling these waters, and confining them 
within a step of perhaps 10 miles in width. This overflow of silt- 
laden waters has created the interesting phenomenon of raising the 
river bed above the general level of the Sind plain, so that it actually 
flows along the crest of a ridge. The resulting slope is hardly 
discermble to the eye, but is sufficient to assist in the distribution 
and flow of canal water. 

As the level of the water in the river varies through a height 
of 17 to 20 feet, when the volume of water is smallest and greatest, 
it is obvious that the supply to the canals will depend ilpon the 
river level. In practice the existing system of canals receives a 
supply for aboiit four months from June to September inclusive. 
Ihe river, however, is very uncertain— sometimes rising late. 
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sometimes subsiding prematurely, and frequently dropping during the 
course of the season. The agriculturist is never certain for how long 
or when he will be able to irrigate his crops. Another great dis- 
ability is the liability of the canals to become choked with silt. 
Every cold weather a great amount of clearance work has to be 
carried out. This is due to the unsatisfactory design as regards 
' lignment and slope and initiahlow level of the canals. 

On the left bank of the river the greater part of the country 
is too high to obtain natural flow water from the canals, and hence 
an enormous amount of manual and cattle power is consumed in 
lifting water by Persian wheels. Sufficient has been said to illustrate 
how great are the economic disabilities under which agriculture is 
carried on in Sind, involving (I) insufficiency of water, (2) insecurity 
of supply, and (3) expenditure of energy on clearance of canals and 
lifting water. These factors have resulted in a very low standard 
of agricultural efficiency over a large part of the province. It is 
not worth while to sink much money or incur much effort on behalf 
of a crop which may never mature. 

The same causes result in very poor use being made of the 
available land. The total annual cultivation in Sind is only 31 per 
cent, of the culturable commanded area, while a large area of 
culturable land is not commanded. Hence the annual cultivation 
is only some 3-1 million acres out of a possible 15 million acres. 

The obvious remedy of this state of affairs is to dam the river 
so as to maintain a high level of water, and to feed the canals from 
supply channels taken off from the river, just above the dam. 

This idea has existed almost since the day when Sind became a 
part of British India, but the engineering and financial difficulties 
are very great, and have time and again baffled the attempts of 
. those who have tried to design practicable schemes. Perhaps the 
greatest of the engineering difficulties has been the risk of causing a 
diversion of the river above the dam. A special feature of the 
Indus is its habit of changing its bed-site through wide distances. 
It seems, in fact, that a very slight obstruction, such as a deposit of 
silt, is sufficient to bring about material changes in the course of 
the river. Thus in the late forties of last century the idea of a dam 
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"I ““■fMered and turned down by Lt.-Col.- Walter ScoW 

oi the Canal and Forest Department ; " since then there have been 
repeats attempts to project a feasible scheme, but they have all 
tailed trom one cause or another until the latest one. 


The Lloyd baeeage ieeigation scheme. 

This scheme embodies the collective judgment of manv able men, 
and perhaps the two most interesting engineering features about it 
are the ingenious manner of eliminating the probability of causing a 
diversion of the river. These are : (1) The barrage is to be located 
no on a rock foundation as at one time considered essential, but on a 
sand foundation some three miles down stream from a rocky aor^e 
through which the river has a considerable drop, and (2) the baL“e 
IS not to be constructed as a solid dam, but like a bridge, with°a 
ong series of arches. These will remain open during the flood 
season when the river is at its highest level, and the gates will only 
be closed. whe» the river falls below the level required to feed the 
canals. This great scheme was only sanctioned in dime 1923 when 
the Bombay Legislative Council finally accepted the scheme and 
found the necessary finance. 

Two great non-silting canal systems wiU be fed from points 
immediately above the barrage. The right bank system contains 
three large canals and the left bank system four canals. 

The amount of water to be withdrawn from the river is approxi- 
mately 50,000 cusecs in the kharif seamn. Some idea of what this 
means may be gauged from the fact that one cusec is sufficient to 
irrigate an area of 70 acres of cotton or sorghum. This will be 
“ flow ” water, and it will cost the cultivator, in water tax, only some 

seven rupees per acre per season. 

Some idea of the appearance of these canals, when completed, 
can be formed by comparison. Thus the largest of these canals will 
carry a normal volume of water equal to that of the Thames in heavy 
flood. Again the second largest canal, namely, the Rohri Canal, 
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designed to c^rry 10,250 cusecs, will be one and a half times as 
wide as the Suez Canal. 

The following statement summarizes in round figures the areas 
affected by this great canal system, exclusive of some half million 
acres in Khairpur State. 


-! 

Area m millions of acres 


Roliri Canal 

1 Eastern Nara 
Canals 

1 

Right Bank 
Canals 

Total 

Gross commanded 

3 

. 2 

2-i>- 


Culturalile commanded 

;■ ^ 

2 

2 


Proposed final annual culti- 
vation 

2 

u 

lit 

5 i 


Including Khairpur State, the gross commanded area of the 
whole project is just over 8 million acres, within which there will 
be some 6 million acres annually under crop. For comparison, it 
may be stated that the total area of Egypt is approximately 
8-| million acres, while the total annual cultivation is ol million 
acres, so that this canal system alone will water half a million 
acres of crop over and above the entire crop of Egypt. 

Here it must be pointed out that the Lloyd Barrage Canal 
System is essentially designed for grain production rather than 
cotton. Thus it is anticipated that there will be the following areas 
under different crops in British and Khairpur territory taken 
together : 8 lakhs of acres under rice ; I?!- lakhs of acres under 
cotton, sorghum, etc. ; 33| lakhs of acres under wheat. 

Cotton development. 

It is anticipated that cotton will be found suitable for the 
whole of the commanded area, with the exception of the rice tracts, 
which amounts to some 50 lakhs of acres. But it should not be 
inferred that cotton will be grown on a half or a third of this area, 
as would be practicable if rotation were the only limiting factor. 
On the contrary the essential limiting factor to the possible cotton 
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area is the irrigation supply. The canals have been so designed 
as to ensure that they can_ be run at full supply level throughout 
he year; and as rah (winter) crops require onlv half as mucli 
water as Jchar^f (summer) crops, it follows that two-thirds of the 
cultivation must be conducted in the raU season. 

Ihis arrangement 'was advocated by revenue officials with a 
view to securing the best financial results from the project. 

The available water in the river in the kJuirif season is’almost 
unlimited, being some 10 times greater than the 50,000' cusecs 
which this canal system is going to withdraw. Hence an alter- 
native design would have been to construct much larger canals, 
so as to have permitted of a much larger Man/ crop. This view 
was advocated by me in conference, but it ivas rejected on financial 
grounds and also because it would have meant running the canals 
much below their capacity in the rabi season. The latter objection 
does not seem to be a very convincing one, because the largest 
canal in the system is going to be run for six months only for rice, and 

closed for six months when the demand in the rice zone is expected 
to be nil. 

The financial objection was a more formidable one because the 
entire cost would have to be debited to the hJiarif crop instead of, as 
under the present design, approximately one-third to the Man/ crop 
and two-thirds to the raU crop. The future will show whether the 
profits from cotton-growing will prove sufficiently insistent to 
•enforce a reconstruction scheme to” provide a larger Jiharif supply. 
The people of the tract affected prefer the hharif crop and liken it 
to the male sex in comparison to the rabi crop-; and it improbable 
that they would be willing to pay a much higher sum than Es. 7 per 
acre to irrigate cotton. Under the present design, the cotton area 
under full development may reach one million acres, though the area- 
assumed in the estimates is about three-quarters of a million. As 
pointed out above, the area of culturable land believed to be suitable 
for cotton-growing within this irrigation scheme is some 50 la.kb« 
of acres, so that there is ample room for a much larger cotton area, 
should the future demand for the product become sufficiently 
intense to justify a reconstruction scheme. 



From the loregoiiig remarks it will, be obvious that the tacilraes 

for growing cotton in Sind, after the new canal system comes into 
operation, are going to be entirely different from those which have 
characterized the past. In future there will be a huge area of land 
commanded by perennial “ flow ’ irrigation, the supply of which 
will be regular and certain. 

The impbovbment of cotton in Sind. 

Efforts to improve the cotton of Sind have been carried on 
since the conquest in the forties of last century. This work may be 
conveniently divided over two periods. These coincide approxi- 


Peruvian 

Egyptian 

Bourbon 

Hiiighanghat 

Dharwar 

Dhanvar-American 
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now recognized to be eeeeutial. the sowing was delayed till June 
the normal time ot cotton-sowing in Sind. 

Mr. Strachan, who was connected with this work for 21 years 
ascnbes the fadure to climate, and points out that just ito 
maturity the (Egyptian) boUs begin to shrivel and fall to the 

healthy . Mr btraehan also pomted out that “the Egyptian 
variety seemed to suffer from very slight variation in the weLer 
and eventually succumbed to the frosts of January”. He also 
drew attention to the severity of boll-worm. 

Mr Strachan’s remarks are quite intelligible to me, on the 
assumption that the crop was sown too late. In Sind, il is very 
desiiable to secure the bulk of the crop by the end of November, as 
exotic cottons generally become unhealthy after this time unless the 
season has been very free from cold and dewfall. 

As ryards the second period, the Jamrao Canal was opened in 
1900 and was designed as a perennial canal. Hence the 
departmental, ofilcers initiated their work with great hopes of 
success. At first, attention was concentrated upon Egyptian 
cotton, and a very favourable report was received from the British 
Cotton Growing Association upon the qualitv of the fibre By 
this time an area of some 5,000 acres had been cultivated by the 
public, but unfortunately the canal soon proved to be unreliable 
and hence Egyptian cotton had to be abandoned. At the same 
tmie, suflicient experience had been gained to show that the standard 
of cultivation w'ould have to be improved, if this cotton were to be a 
success. Subsequently the department gave special attention to 
American cottons which also are exacting with regard to irrigation 
facilities, but less so than Egyptian. 

A very representative collection of American varieties, number-, 
ing 30, had been got together by 1906. These were gradually 
narrowed down until 1912 when it was decided to concentrate upon 
Triumph. This variety did very well when sown early (April), 
but the canal could not be depended upon to permit of the sowing 
operations being conducted timely, and hence it fell out of favour 
with zemindars. 
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The Indian Cotton Committee in their report (published in 1919) 
went carefully into the efforts made to improve cotton in Sind, and 
summarized their conclusion with repaid to the problem in the 
following words : '' Provided a perennial supply of water can be 

assured, we hold the view that there is no other part of India which 
offers such hopeful prospects of the successful cultivation of long 
staple cotton. The climate and soil are, in every way, most suitable, 
and all that is wanted, is water at the right time and in sufficient 
quantity.” 

Here it may be useful to indicate the returns that can be got 
from cotton in Sind. I shall give some figures for Sind clesi and 
4P American, a very early type of American which has been able to 
secure a footing notwithstanding the unsatisfactory irrigation 
facilities. 

Thus in 1922-23, a selected strain of desi (27 W. N.) sown on 
an area of 33 acres, on the G-overnment Seed Farm at Mirpurkhas, 
gave an average yield of 954 lb. of seed-cotton per acre, including 
plots infected with salts and subject to “ wilt”.. The highest 
yield was 1,758 lb. of seed-cotton per acre. This cotton was ginned 
and the ginning percentage was 39 percent., so that the average 
yield over 33 acres was just under a bale per acre. In certain 
villages in the Hj/'derabad District, yields up to 2 bales an acre 
have been reported. This cotton was sold for Es. 44-8 per niaund,* 
so that the gross return per acre amounted to Es. 200. 

Similarly in 1921-22, Punjab- American 4P was sown on an area 
of 30 acres and yielded 25 bales. The Cotton Contracts Board valued 
a saw-ginned sample of this cotton at Es. 460 to 470 per so 

that the gross return per acre was also approximately Es. 200. 

Both these cottons mature early. The cfm crop begins to come 
,on the market at the end of September. The Punjab 4F variety is 
very early. Thus in 1922-23 a crop sown in May gave 90 per cent, 
of its produce before the end of November. 

From these figures it is clear that cotton has a bright future 
in Sind, and there is also evidence to justify the assumption that 






* 1 niarnid = 82*28 lb. 
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good staple Avill be secured when the irrigation system becomes 
reliable under the new scheme. Thus in 1915-16 a bale of Triumph 
cotton was sent to Liverpool and the British Cotton Growing 
Association reported upon it as follows ; Very good colour. ‘ good 
Middling’ in grade, staple Ij-V" to 1|", strong. Value 8-20d., 
with Middling. America'n at 7-90d.” 

Again in 1916-17 the British Cotton Growing Association 
reported upon a sample of saw-ginned Triumph as follows: 

ihis lot stands out and is a great advance on Indian cotton, 
clean, good colour, staple rough in character, 1 some 
short fibre, strong, value 22‘50d. Basis, Middling American 
22-OOd.” 

Any long staple cotton will have to be very prolific to compete 
with the two varieties just mentioned. In addition there are other 
limiting factors, notably, hardiness and earliness. 

As regards hardiness, the future cotton of the province must 
be able to withstand the severe hot winds which blow in April and 
May. It must also tolerate a fair amount of Jcahr salts in the soil 
and prove resistant to red leaf-blight in the autumn months. 

As regards earliness, all irrigation to cotton will be stopped 
in September-October, in order to provide for the huge area of 
wheat which is to be sown. 

It is, therefore, evident that a long staple cotton will have 
to possess all these characters to compete successfully with existing 
cottons. 

I think the department will be able to cope successfully with 
this problem, but the experimental •v\''ork will have to be done with 
great care. For this purpose it is proposed to provide special 
facilities by the establishment of two stations equipped with perennial 
irrigation by pumping. 

It is proposed to put a botanist in charge of cotton operations, 
and it will be his duty to explore all possible solutions of the problem 
of finding a high grade long staple cotton, suitable to the conditions 
of the province, as described above. 

For the sake of completeness it will be necessary, once again, 
to test a large collection of exotic cottons under very rigorous 
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control. It ia known from past experience that American cottons 
profoundly change their character when grown in Sind, but it is 
not known with certainty whether this is merely a reaction to the 
environment or due to cross-fertilization. For example, Triumph, 
a large-boiled variety, soon produces bolls of much smaller size, and 

the cause appears to be the dry atmosphere. 

From my past experience I think the importance of securing 
hardiness, earliness and prolificness would justify the adoption of 
hybridization, using a cotton like 4F, which already possesses 
these characters, as the foundation parent. This cotton could be 



THE IMPEOVEMENT OF THE COCONUT JAGGERI 
INDUSTET ON THE WEST COAST.* 
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AND 
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IN a previous communication on this subject, published in the 
“Agricultural Journal of India” (Vol. XVII, Part IV), it was 
pointed out that the cocomit jaggery (unrefined, raw sugar) industry 
on the West Coast afforded ample scope for improvement, and that, 
by the adoption of a simple sand filter and the use of alum for 
deliming the juice, it has been possible to obtain a better type of 
jaggery in point of cleanliness, colour and keeping quality than is 
to be found anywhere on the West Coast. 

Analyses of a large number of samples show that jaggery 
prepared by us at the Kasaragod farm was by far superior to 
anything of the kind sold in the market. The table below gives 
typical analyses of the two kinds of 


jaggeries : — 
Comparative analyses of coconut jaggeries. 


COUHTEY jaggery 


jaggery 


Sucrose 

0 / 

/o 


Glucose 


(Elimalai) 78*22 
(Ponnani) 68*81 i 
75*36; i 
62*80 j 
61*18( 


Paper read at the Agricultural Section of the Indian Science Oongress, Bangalore, 1924. 


Glucose 

0/ 

/o 

Sucrose 

% 

5*38 1 

77*1 

0*07 i 

73*5 

4*00 ! 

83*5 

0*06 1 

77*7 

: 11*37 ,, ! 

77*8 
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Comfcwative analyses of coconut jaggeries— conoid. 


CouHTRY jaggery 

Kasaragod jaggery 

Sucrose 

Glucose 

Sucrose 

Glucose 


0/ 



/o 

/o 

/o 

/o 

(Podanur) 73’45 

1*11 

r 

87*5 

2*6 

(Periir) 73*23 

1*96 

85*4 

2*2 

5*2 

73-58 

2*18 

83*3 

(Kalmandapan) 71*57 

2*24 

86*5 

4*2 

{Peruiidurai) 71*29 

0*83 

85*4 

4*2 

3*8 

72*32 

2*33 

86*5 

09*58 

4*15 

85*4 

6*6 



81*6 

80*3 

2*6 

3*6 



82*2 

81*0 

rCk.A 

1*8 

2*2 



Ju U 

80*6 

79*0 

Ql .A 

yb ‘± 

3*6 

4*8 

*4. A 



oi Vi 

78*0 

0 0 

3*6 



81*0 

3*4 



78*7 

4*4 



80*3 

3*2 



77*4 

5*8 


The improved kind oi jaggery is well appreciated and commands 
a good demand. At the time our experiments were running, while 
the price of outside rvas 1|- annas a pound and easily available, 

the made on the Kasaragod farm was in great demand 

even at the enhanced rate of 2 annas a pound. 

How the improved product is appreciated by the public may 
be seen from the following extract from an article in the “ Madras 
Bulletin of Co-operation ” (Vol. XIII, Xo. 8, p. 294) entitled “ The 
Co:operative Manufacture of Palm Jaggery” by Mr. M. Shiva Bao 
of Puttur, South Kanara “ It may no doubt look as if an increased 
output of jaggery may not help to keep down prices at a reasoirable 
level, since certain orthodox classes will never take to it however 
cheap it might be, and they would always be using cane jaggery. 
There is some force in this view but a change in the present method 
of manufacture of jaggery will, in all probability, take the citadel 
of orthodoxy by storm, and the sentiment against palm jaggery 
will be considerably weakened and disappear altogether in course 
of time. The fact has first to be published that what is called 


' , •v _' 'S: 
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Piiljjliat 3^f'0fJG^y cUid also tlie ‘ jaggevy' coxa 

up-country and imported into this district is no more t] 
jaggery prepared out of the sweet toddy of the 'Ichal 
palm). Secondly, palm should not be manufacti 

flat tMn round cakes as it is douft haw Knf. 
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clpfuiiug of tilt) pots. Exporim cuts 1—3 clctailGcl in. tli6 Appendix 
clearly hIiow that the trouble arose on account ol imperlect 
cleaning of the pots in which juice Avas collected. It appears to us 
that as a consequence of inefficient cleaning of the pots incipient 
fermentation set in, with tlie result that the usual setting oi jaggery 

was seriously interfered with. 

Our experiments distinctly show that proper washing and 
liTYiiog of the pots and putting them mouth downwards when not 
in use is ordinarily enough ; but where for any cause this is found 
insufficient, rinsing the pots with water in which a small c|uantity of 
copper sulphate is dissolved, and subsequent Avashing and applica- 
tion of good lime AAffil improve matters. This method of cleaning 
can be easily adopted by the tapper as the amount of copper sulphate 
required is so small that it would not cost him more than a quarter 
to half an anna, and this quantity can be used for a number of pots 
successively. If after use this is stored in a small pot the same 
copper sulphate can be used a number of times. 

BeoHvn sugar. 

The idea of preparing broAvn sugar direct from the coconut 
juice appeared feasible in view of the fact th&t jaggery prepared from 
unfermented juice was markedly crystalline in structure, and 
shoAved very little glucose on analysis. A small centrifugal butter 
drier was kindly placed at our disposal by the Superintendent, 
Central Farm. Fitted with a cylinder of brass Avire netting Avith 
very small meshes, this proved quite suitable for our experiments. 
To prepare the sugar, boiling was stopped a little short of the jaggery 
moulding stage, and the syrup left to cool and crystallize in a 
shallow vessel. The time taken for complete crystallization and 
. the size of the crystals depended of course on the concentration 
at which the syrup was removed ofi the furnace. With a little 
experience one could easily judge the stage at which the maximum 
amount of crystallization would take place. Percentage of sugar 
obtaiaed this way ranged from 7*5 to 9 on the Aveight of juice or 
-55 to 65 on the weight oi jaggery. Details of a few typical experi- 
ments are given in the Appendix. Nothing hke thoroughness 
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lb ojaamea loi mese trials which were only slight! 
laboratory scale experiments. Our object in describin.- 
merely to show that a good crystalline sugar of fair purity 
easily obtained from the juice of the coconut, 
worth while to prepare brown sugar, at least in the 
in the place of jagger^ is that the i 
qualities than ^(X^ggeTy. It sold at 3 
was selling at half the rate, i ' ' 

on tl\%ga.ggery, there would be no loss at all. If the moIaSsS 
be utilized, it would even be a distinct source of profit. 

Economics op the industry. 

In view of the proposed publication of a detailed report on the 
subject in all its aspects, we do not propose to deal at length with 
the economics of the industry. But, as our object is to stimulate 
jaggery production, we wish to emphasize the fact that jaggery 
making is more profitable than either selling the juice as toddy 
or leaving the, tree to bear nuts. As the coconut 'juice is drawn 
from the inflorescence, the use of a tree for jaggery manufacture 
would mean the entire stoppage of the supply of ' nuts and the 
consequent loss of revenue under that head. The juice itself may 
either be boiled into jaggery or collected without any preservative 
and sold as fermented toddy. For the latter the tapper has to 
obtain a license on payment of Rs. 7-8 a tree per year. When 
working out the economics of the jaggery industry, therefore, a 
comparison has to be made between these three sources of income 
from the tree. The average daily yield of juice from a fairly good 
tree may be taken at two bottles or roughly 3| lb. This quantity 
would boil down to | pound of jaggery fetching 9 pies a day or 
Rs. 17 a year. Of this, a sum of about Rs. 2 ha§ to be paid , 
to the owner of the tree. Deducting Rs. 4-8' for fuel purchased— ' 
granting that fuel has to be purchased throughout the year, and 
that the expenditure under this head would amount to about a 
fourth of the sale proceeds oi jaggery— -tkQ net profit would be 
Rs. 10 a year from a tree. If, on the other hand, fermented 
Juice is drawn and sold to the shop renter at the usual rate of 4 pies 


larger than 
ii them is 
could be 
One reason why it is 
rainy season, 
sugar has much better keeping 
— j annas a pound when jaggery 
so that taking the yield at 50 per cent. 
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a bottle, tlie' income under this head would amount to Rs. 15 
a year. After payment of Rs. 7-8 as tax and Rs. 2-8 to the 
owner, the tapper gets only a profit of Rs. 5. Now such a tree 
may be supposed to yield about a hundred nuts a year. At the 
normal rate of Rs. 50 a thousand, the amount realized by the sale 
of nuts would come to Rs. 5 only. The amount due to the owner 
may be considered balanced by the saving on tapping accessories, 
etc" Of the three, therefore, the tapper finds jaggery-m&Bng the 
most profitable, besides being a source of daily income to him. 

In conclusion, our thanks are due to the Deputy Director 
of Agriculture, VII Circle, and the farm staff at Kasaragod for 
facilities afforded for our work. 

APPENDIX. 

Experiment 1. 14 pots were well washed, smoked, rinsed with 

dilute copper sulphate solution, and washed again with boiling 
water. 20 c.c. of formalin were put in each of four of these and the 
remaining ten were limed. All were then kept on spathes that 
yielded well. The contents of the formalined and limed pots were 
collected separately the next morning and analysed with the 
following results : — 


Formalin . 

Lime 

Brix 

Sucrose 

o/ 

Brix 

Sucrose 

0/ 


/o 


/o 

16-64 

14-40 

16-33 

13*34 






Liming was normal, juice clear and distinctly alkaline. 

The juice collected with formalin was made just alkaline with 
KOH, and the limed* juice simply filtered clear. The two were 
boiled down separately. Jaggery from formalined juice was very 
hard, and light-coloured and kept colour ; that from the limed 
juice set well and kept colour, though it was not as hard as the other. 
J aggery from the usual boiling set also, but was not as hard as either 
of these. 
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Expennmd 2. Pots were subjected to tixe same treatment as 
above, liees selected for formalined and limed juices were the 
same as before. Analysis of juice showed : 


Formalin 

Lime 

Brix * 

Sucrose 

o/ 

/O 

Brix 

Sucrose 

% 

16*48 

14-65 

16*14 

13*12 


fT, n rormaimed juice was strained 

rough cloth only, while the limed one was filtered through sand. 
Ihe former gave the same hard, good-coloured as on the 

previous day, but the from the limed juice was soft and 

darkened soon. The product of the usual boiling did not set. 

_ Expertment 3. Pots treated as above, but all were limed only, 
uice from the four spathes from which formalined juice was drawn 
on the previous days was collected separately. Analysis 


* Lbibd 

(Four pots usb]d for form.alin 
PREVIOUSLY) 

LimeT) 

(The ten remaining pots) 

Brix 

Sucrose 

0/ 

/o 

Brix 

■ 

i 

Sucrose 

% 

16*44 

13*85 

16*68 1 

13*98 


was 


mixed and strained through sand. Half was boiled down straight 
away and the other, half treated with alum, allowed to settle, 
decanted and boiled. The untreated juice gave the usual soft 
jdggery, whereas the one treated with alum gave a very hard, light- 
coloured product. 

BeOWN SUGAE. 

Experiment 4. Amount of juice available for boiling was 
134 lb. When concentrated sufficiently (temperature 116° C.), it- was 
allowed to crystallize in shallow pans and centrifuged after eight 
days. Crystals were large and well defined. , 

Yield : 10 lb. brown sugar and 14 lb. molasses. • 
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Experiment 5. Weight of juice 120 lb. Juice arrived at the 
shed by about 11-30 a.m. Preliminary sand filtration was over by 
about 12 noon. Alum was added and the juice boiled, and allowed 
to settle for 2 hours. Sample taken just before leaving to settle 
showed ; Brix 17-34, sucrose 13-24, glucose 0-91. 

After 2 hours the juice was decanted. It was clean and bright. 
Just before beginning to boil at 4 p.m. another bulk sample was 
drawn and analysed to see if any inversion or fermentation occurred. 
Analysis : Brix 17-47, sucrose 13-40, glucose 0-91. The syrup was 
taken out to crystallize at a slightly later stage than before and 
while hot a spoonful of white sugar was stirred in. Crystallization 
was complete by next morning. Centrifuged at once. Crystals 
were finer and better coloured than on the previous day. 

Yield: 11 lb. sugar and 9| lb. molasses. Percentage of sugar 
on juice = 9-17 ; on jaggery = 65-5 (assuming the yield of jaggery 
to be 14 per cent, on weight of juice). , 

Crystals being very fine, the molasses contained a good deal of 
sugar that passed through. It was, therefore, slightly further 
concentrated and left over. Ko crystallization occurred on the next 
day. A few crystals of white sugar were stirred iii. No further 
crystalhzation was observed even after four or five days. 

Experiment 6. Weight of juice collected was 149 lb. Juice 
arrived at 12 noon and was filtered and alummed by 1 p.m. aird 
allowed to settle till 3 p.m. It was then boiled down till tempera tui-e 
showed 116° C. -Juice analysed before settling showed : Brix 16-51, 
sucrose 13-34, glucose 0-77. Clear juice drawn off at 3 p.m. before 
concentration gave : Brix 17-69, sucrose 13-35, glucose 0-83. 

By next morning a plentiful crop of crystals appeared. tSyrup 
was centrifuged after 3 days. 

Yield : 11|- lb. sugar and 12 lb. molasses. 

Percentage of sugar : 7-7 on juice or 54-8 on jaggery. 

Analysis of a sample of molasses showed 50 per cent, of sucrose. 
With more efficient arrangements for the separation of crystals, the 
amount of sucrose could probably have been kept dow n further still. 


SELECTED COIMBATOBE CANES IN GEOWEBS* 
FIELDS IN NOETH B ID AT? 


WYNNE SAYEE, B.A., 

Secretary, Siigar Bureau. 

It has been mentioned in a previous article by the present 
Avriter on “Mill Trials of Selected Coimbatore Seedling Canes” 
published in the '• Agricultural Journal of India ” (Voi. XVIII, 
Part III), that, as the result of thorough testing at Pusa, three seed^ 
lings, viz., Co 210 , Co 213 and Co 214 , were found to be superior 
to the canes glown in North Bihar, not only as regards tonnage and 
improved sucrose content but also in their practical freedom from 
disease when grown as field crops. It was also reported in that 
article that, as soon as the mill trials were found satisfactory, a large 
demand for these canes came in from the groAvers in Bihar, but 
as the supply of seed-cane was very limited, only the available 
quantity of these three varieties was distributed in February 1923 . 
In distributing these canes care was taken to select growers from as 
many districts in the White Sugar Tract as possible, viz., Monghyr, 
Darbhanga, MuzaffaKpur, Champaran, Saran and Gorakhpur, Avith 
a vieAv to find out how these three canes behave under different soil 
and cultural conditions. As most of the groAvers had not at the time ' 
got the implements for planting recommended by the Sugar Bureau, ' 
it \yas considered AAmrth observing Avhether, Avith the methods likely 
to be adopted at the time by the groAvers, these canes would still 
show their superiority over local canes. It may be mentioned that 
at Pusa, wliere the soil is not considered to be first class soil for 
cane-groAvmg, the yields of the three varieties, Co 210 , Co 213 
and Co 214 , in years of normal rainfall have averaged 700 , 800 
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and 600 niaunds * (i.e., roughly speaking 25 tons, 29 tons and 
22 tons), respectively, of stripped cane per acre, as compared 
with the 300 maunds (about 11 tons) of Hemja or Bhurli locally 


grown. 

A circular letter was issued by the Secretary, Sugar Bureau, 
to the various growers requesting them to report their experience 
with these canes. Their replies show that almost all w’-ere pleased 
with the results they got. The germination of these canes was 
excellent, being much earlier and more vigorous than that of the 
local canes, they started to make a much more vigorous growth 
and they also stood the hot wmather very well. The results would 
have been much better as regards the final yield if, as the growers 
say, the monsoon had been normal. As a matter of fact, the wdiole 
of North Bihar had in the year 1923 the most deficient rainfall for 
very many years. It is, however, a matter for satisfaction that even 
under such adverse conditions the growlers were convinced of the 
superiority showm by these selected Coimbatore seedlings on their 
own fields planted and grown by their own staff under their own 
conditions. A valuable asset has thus been created in a body of 
large growers who have seen for themselves that what is recom- 
mended to them by the Sugar Bureau is not only capable of being 
reproduced on their own fields but of even being improved upon. 
They are now taking up the improved planting outfit recommended 
by us and have begun to see the value of improved cultivation 
and manuring. These are very hopeful signs, and we expect to see 
solid progress in this direction in the near future. 

We will now quote relevant extracts from the letters of some 
growers as regards the cultural methods adopted and the yields 
.obtained by them. 

Mr. Dalrymple Hay of Jeetwarpore near Samastipur (Darbhanga 
District) gives the yields obtained by him as follows : — 

Co 214 . . 560 maunds per bigha, over 24 tons per acre. 

Co 213 .. 400 „ „ „ „ 17 „ „ „ 

Co 210 .. 740 ,, „ „ „ 32 „ „ „ 
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Co 213 MAS. m his opinion, due to the effect o( trees iit a short 

no LV”! ““‘y =*2-60 inches 

aTLo^ ™ includes 

folloMS All these canes are much better than SimU (local 

o- - ^ 

to “* ®“"™all, Disteict Miisaflarpur. writes 

to say that te pet SO te,« pe,' acre, an an «pe. He m-ew these 

canes both on light and heavy sod. The land ivas giv^ I Me 
farmyard manure and m some mustard oil-cake at the rate of half 

lette wTth Tb f ]!“ It'S 

letter with the following observations: -All the canes did very 

Zve^ itself te “b”"* ■'“'‘“"S'- 21* 

District rf bh*"”’’ '^“"1‘t‘piit Agriciiltiiral Concern, 

The ri^ nfd a »" ““dv 

soil. The rainfall during the monsoon period was only 18 inches 

as against the normal of 49. The crop yield obtained was 

Co 214 . . 300 maunds per acre. 

Co 210 . . 375 „ 

Co 213 . . 593 „ 

, oo/^f M ‘T'h^ .“v f 1st ilarch, 

Stv n''t frf; G“o SfpctiRtendent. Kyanr Sugar 

factory, District Barbhanga ;— “ o 

Tonnage per acre of Coimbatore caries cui. 

(1) Co 214 .. 21 ’4 tons per acre. 

Co213 .. 29-0 „ „ ' 

.. 1.1 ?° .•• ” ■> ” 

(2) Co 214 m sandy soil with patches slightly ‘ Oosur ’ 

(alkaline). 

Co 213 average soil— -slightly heavier than 214. 

Co 210— fairly stiff soil, with a good deal of clay. 
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“Manure ill all cases 190 lb. sulphate of ammonia per acre. 
No other manure given and land was in poor condition until a month 
before planting, which was done in October-November 1922. Crop 
was kept entirely free from weeds, and when cut, land was clean. 

“ (3) Condition of crop was good. 

“ (4) Eainfall for year was 38-33 inches of which 4-50 inches 
fell on 3rd and 6th October. A regular weekly analysis has been made 
of each variety from 17th November up to 26th February, and will 
be continued in the case of Co 213 and Co 214. A complete stool 
is used in each case, every cane being ground, and an average 
sample taken for analysis. Kesults show that canes have improved 
in quality up-to-date and show no sign of falling off.” 

Mr. E. J. Finch of Manjhaul Factory, District Monghyr, reports 
as follows : — 

“I have not weighed out my Coimbatore canes as most of 
what I had has been used for seed purposes ; however, I sent a 
little of my Co 214 that I did not require to the Samastipur Mill, 
and it worked out at maunds 376 per acre. The BhurU alongside 
is only giving maunds 300. 

“ The soil I had these canes in is a sandy one. 

“ The condition of the crop, considering the year, was quite . 
The crop had maunds 15 per bigha of mahm-cake {Bassia 
latifolia) applied at time of planting. 

My rainfall was 21 inches, i.e., from the 1st June to 31st 
October, against my 20-year average of 47 inches.” 

Mr. H. K. Gray of Mia Chapra, District Mimafiarpur, gre\v these 
canes on a rainfall of 22 inches. He greAv Co 214 in fairly good land 
and manured it with farmyard manure and got a crop yield of 
520 maunds per acre. His Go -218 was sown in good land mmured 
with octstor-calce at the rate of 50 tnaunds per acre and the result 
was an outturn of 1,1^0 mu/mds cane per acre. He says ; “ The 
results would have been much more favourable, had the rainfall 
been fiormal.” 

Mr. E. C. Crane, Manager, Peruckpore, District Muzaffarpur, 
got 500 maunds per bigha (i.e., 600 maunds per acre) 

crop was good. 






COIMBATORE CANE 213 ON HEAVY LAND AT PUSA IN 1923 (RAINFALL 2 
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repoM^l^' CoRcem, District Muzaffarpur, 
poi- .infaP. Iwe 

.«.. b. - — B. „ ,i?.; 

Tlie Manager, "Turcouleali Concern, Di, strict Cliaiunaran wt 

To simimatize It is dear from these extracts that in spite 
of the rmfavourable monsoon these three Coimbatore seeelltos 
have shown their superiority under similar conditions over the 
local cane in the growers’ own fields. Of these three canes, while 

each has got Its own good pomts, Co 2I3is liked best by the growers 

and also Ij the sugar factories as a general utility cane. It is 

Zlh fil“‘t“ ‘7“®“’ ‘°"'*** “ **>« 

enougi fibre to make it a good afi-roimd factory cane. Conse- 
quen y^ t ere has been a heavy demand for the seed-cane of 

olth?™! “e '’“tainted this season. 

6,000 mannds of Co 214 have been- distributed this February, 

North Bita. It IS most unfortunate that the canes had to be 
planted this season in a soil with very little moisture, and as 
cane ts not usually nnigated in Bihar even during the hot weather 
months, these varieties will this year be put to the severest test any 
cane has to undergo. The results, therefore, of this year’s growiil 
wiU be awaited with considerable interest if not with anm’ety, af 
both the growers and the factory industiy believe that ivith the- ■ 
estabhshnieut of these canes in the district the sugar industrv in 
xJinar will rest on a sound basis. 

It may here be mentioned that by far tbe majority of cane- 
gi^wmg countries ratoon canes owing in most cases to scarcity of 
abour and its consequent cost. In parts of India like Assam and 
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Burma where there is a shortage of labour it is essential that the 
cane grown should be a good ratooner in order to enable the grower 
to keejj his maxinium acreage under cane. In the White Sugar- 
Tract of North India with its dense population and cheap labour 
it may not be so necessary to keep ratoons, particularly because 
ratoon cane is far more Uable to harbour disease if once it gets 
introduced in the districts. But considering the fact that labour 
is an ever rising market, it is none the less desirable to study the 
ratooning qualities of the canes which are being recommended 
for adoption by growers. Accordingly, experiments in connection 
with the ratooning qualities of Co 214, Co 213 and Co 210 were 
carried out at Pusa during the year. Here again the exceptional 
deficiency in the rainfall hampered the obtaining of data applicable 
to a normal year. It was, however, seen that under such conditions 
Co 214 and Co 210 can be successfully ratooned. Co 213 with its 
larger leaves and greater transpiration surface undoubtedly requires 
more moisture than was forthcoming, and while the other two canes 
made good progress, the growth of Co 213 was badly checked with 
the result that about 6 acres of this cane failed to fill and a large 
proportion of the cane hollowed out, rendering it unfit for seed or 
crushing. This cane was on light land, and it is probable, though 
not definitely proved, that to obtain the best results from such a 
heavy tonnage cane a minimum rainfall of 40 inches is essential and 
the cane should go on stronger land than the other two varieties. 
Co 210 and Co 214 with their smaller leaf area showed no signs of 
checking, and the hollowing out referred to above did not appear 

in these varieties. The incidence of fungus disease was almost 

■ » ■ 

nil, but considerable leaf dryage was in evidence towards the 
end of January, which however did not affect the cane. The yield 
averaged someAOO maunds of ur^tripped cane per acre for both 
Co 214 and 210, while Co 213 failed completely. 

Further ratooning experiments are being carried out this year 
with a'view to find out whether under normal rainfall these three 
varieties give higher yields than those recorded above. Questions 
such as the treatment of the stools and general manuring will 
also receive attention, as it is necessary to ascertain the profits 
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THE VALUE OF GREEN GRAZING FOR WORKING 

CATTLE. 


E. J. BRUEN, 

Deputy Dmctor of Agriculture for Animal Breeding, Bombay Presidency 



the VALUJi! OE GREEH GR,AZING FOB ’SVORKIN’G 


OF THE EXPERIMENTS. 

Ten bnlloeks were each year selected for the experiment and 
arranpd m convenient pairs. Idiey were weighed daily in the 
morning before watering, and regular work was given dady. The 
work consisted usually of cart haulage on the farm, with a little 
variation here and there. The concentrated food supplied throughout 
was whea bran and during each period of the experiment a definite 
amount of this fodder was given. The amounts given varied from 
one pound to three pounds of bran per day. Good green grazing 
was available throughout, and when the animals could Lt be 
allowed out, green grass was supplied in the stall, as much as the 
animals would eat. Eock salt was freely given. Each period of 


Iseilema Wightii 
Andro^ogon annulatus 
Andropogon Jhveolatus 
Andfopogo^ ^umilis 
Chloris fallida 
Aristida abscensis 
Ischce7num nigosum 
PoUtoca barbata 
A2^l'^d^ varia 
hidigofera cor difolia . . 


experiment was divided into two parts : 
vveigliing 1,000—1, 150 lb. are dealt witli ; i 
*om 850 to 900 lb. in weigbt were employed, 
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Heavy bullocks. The following table shows the weights ot the 
animals after each stage of the experiment, during each of the 
two seasons of 1922 and 1923. with 1 lb., l|- lb., 2 lb., 2^ lb., 3 lb., 
of bran respectively, and also the original weight and the 
final weight when w;orking without bran. . The bullocks marked 
A and B in each case were working together as a pair. 


Before 

exjieri- 

ment 


After 

experiment 


Number of bullock 


Average 


Average 


» The bullocks were the same in the two years except in the case 
of II B, which was a nbw one. 

The general result in this case is clear. Discarding individual 
variations, it would appear that with moderate farm or carting work 
the weight of animals can be well maintained by good green grazing 
alone, provided the animals can get all they wish to take, and that 
the addition of bran is of no advantase. 


1,152 

1,161 

1,165 

1,144 

1,250 

1,261 

1,261 

1,245 

1,029 

1,039 

1,030 

1,026 

1,045 

1,046 

1,044 

1,049 

1,095 

1,114 

1,117 

1,131 

1,061 , 

1,070 

1,066 

1,046 

1,105 

1,115 

1,114 

1,106 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1,139 

1,143 

1,137 

1,144 

1,126 

1,147 

1,129 

1,118 

1,131 

1,153 

1,126 

1,138 

1,118 

1,149 

1,017 

1,064 

1,002 

1,056 

1,006 

1,050 

1,026 

1,039 

1,027 

1,052 

1,036 

1,064 

1,034 

1,055 

1,043 

1,07<S 

1,043 

1,086 

1,023 

1,071 

1,029 

1,067 

1,036 

1,071 

1,037 

1,082 

1,041 

1,094 

1,080 

1,078 

1,070 

1,068 

1,078 

1,080 

1,082 


Average weights 

With 

With 

With 

With 

With 

lib. 

11 lb. 

2 lb. 

2J lb. 

3 lb. 

bran 

bran 

bran 

bran 

bran 
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Me<Bum% buMocks. The following talile shows the weights of 
sihaIIci Auiiuals after each stage of the experiment during each of tlie 
two seasons of 1922 and 1923. The details are similar to those in. 
the experiment last recorded. 



Before 


Average weights 



Number of bullock 

experi- 

ment 

With 

1 lb. 
bran 

With 
n lb. 

bran 

« With 

2 lb. 
bran 

With 
2J lb. 
bran 

With 

3 ib. 
bran 

After 

experiment 


lb. 

lb. 

1922 

lb. 

lb. 

ib. 

1 lb. 

I lb. 

IV A . . 

901 

924 

920 

924 

935 

931 

910 

IV -B 

845 

860 

870 

|- 87S 

892 

! 896 

868 

' V A . . 

859 

842 

854 

868 

876 

861 

847 

V B . . 

920 

924 

932 

945 1 

940 

928 

946 ‘ 

Avefaoe 

881 

887 

894 

903 

911 

i 

904 1 

893 


1923 


IV A . . 

947 

953 

955 

957 



IV B . . 

978 

988 

987 

991 


I .. 

974 

V A .. 

898 

897 

900 

906 


I 

890 

V B .. 

883 

883 

892 

888 

•• 


867 

Average 

926 

930 

933 

935 

•• 

.. 

919 


In this case the bullocks were not the same in the two years, 
except in the case of No. IV A. 


The general result is again evident and the results are as 
consistent as can be expected with such variable material as 
animals of this class. Not only have the bullocks maintained 
their weight, when given moderate farm or carting work, on green 
grass alone, but the addition of bran has given always an increase 
in weight when accompanied by sufficient grazing. ' 

* We commend these results to the holders of worjking animals.. 
During the season when green grass is • abundant, fconcentrated ' ' 
foods would seem to be unnecessary for bullocks employed bn 
ordinary farm or moderate carting work, provided the ianimals 
have as much green fodder as they wish to take, and time to get,, it. 
Similar experiments in other parts of India ..would appear, to be 
needed. ■ i , ' A -a ^ 




LANTANA FLIES {AGROMYZA LANTANAil, FEOGG.) 

IN HAWAII. 


BY 


K. KUNHI KANNAN, M.A., Ph.D., 

Entomologist, DejMrtment of Agriculture, Bangalore. 

The question of the introduction of the Lantana-seed-fly into 
India as a means of checking the spread of this noxious weed has 
been engaging the attention of several of the Provincial Governments 
in India, and the writer has received so many recpiests for informa- 
tion regarding the observations of the fly that he made in the course 
of his stay at Honolulu that an account will probably prove of 
general interest. Dr. Coleman, the Director of ^Agriculture in 
Mysore, was the first to try the introduction of the fly in India. 
As early as 1913 on his way back from deputation abroad he had 
visited Hawaii and was shown round a few places in Honolulu 
where Lantana was believed to, have been checked appreciably 
by the insect. On his return he lost no time in arranging for a 
consignment with hlr. 0. H. Sweezey, Entomologist of the Hawaiian 
Sugar Planters’ Association, to whom this department owes much 
for assistance rendered then and subsequently. Unfortunately, 
however, there was no through service of steamers from Honolulu 
at that time and sufficient care was not taken of the parcel during 
the transhipment so that the parcel arrived with all the flies emerged 
and dead. No further attempt was made as it was felt that the 
experience wns likely to be repeated. Moreover, some of the 
Provincial Governments had become interested in the question of 
introduction and when the matter was referred to Mr. Bainbrigge 
Fletcher, the Imperial Entomologist, he had suggested an investiga- 
tion of the insects already in India, and it was felt that nothing 
should be done before this investigation was completed, 
r ( 604 ) 
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Rao Salieb Ramacliandra Rao of the Madras Department of 
Agricxdture was deputed to the work, and in the elaborate and 
interesting report he published in 1920 he recommended the 
introduction of the fly— a conclusion, however, opposed by 
Mr. Fletcher in his introductory note to the Memoir. Mr. Fletcher’s 
main reason was the apprehension that the fly may attack other 
plants of the Verbenacious group, especially teak seeds. This 
possibility had occurred to Rao Saheb Ramacliandra Rao who, 
however, considered that with so specialized a habit the seed-fly 
would not turn to other plants. 

It need scarcely be said that we, in Mysore, were inclined to 
agree with Rao Saheb Ramacliandra Rao and were for importation. 
The opportunity came in 1920 when the writer was sent on deputa- 
tion. On his way from the States in 1921 he halted at Honolulu and 
studied the question so far as time allowed. The first thing that 
impressed him ivas the very great complexity of the factors inyolved. 
In the first place the areas where Lantana appeared to have received 
check were areas within the limits of the town where, moreover, 
along with the fties, there were other insects in more or less abundance, 
viz., (1) The Lantana Tortricid, (2) The Lantana Plume-moth, 
(3) Leaf bug (Teleonemia suhfasciata), (4) The Gall fly {Eutrita 
mnthchceta) and other insects. In other parts of the island of 
Oahu, especially the eastern side where rainfall is heavier, the 
Lantana appeared to be flourishing and the insects were by no 
means so numerous. On the island of Hawaii, the only other 
island visited, Lantana was equally abundant. 

As regards the fly itself, the damage it did was more to the 
pulp of the fruit in -vthich the egg was laid and the larva developed 
for pupation. The larva usually sought the pithy hollow to be 
found between the germ cells in every seed. It is obvious that all 
that is vital to the full-grown seed is left untouched in the” 
attack. 

What, therefore, results, in the case of mature seeds 
is by no means destruction of the seed but the diminution of its 
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attractivwie.ss to lairds and otlier animals from tlie destruction of its 
pulp. Tlic sjiialler seeds lua}' be injured fatally but tlie Avritcr came 
across few instances. Tbe seeds attacked would not be carried far but 
tliat is of minor consequence in a country Avliere the problem is the 
reclamation of land already attacked far more than prevention 
of spread to new areas. Here again the fell capacity of the fly in 
this limited direction cannot be determined with accuracy because, 
as believed, it was heavily parasitized. Large numbers of parasites 
emerged from every jar from which flies Avere reared out. It is 
quite possible that in the absence of this serious limitation the 
flies may prove more effective. It will be seen from these observa- 
tions that the habit of the fly is after all not very specialized. The 
question of the liability to attack of teak-seed nevertheless is of 
little importance because penetration into the thick wall is out of 
the question. In spite of this fact the possibility was not neglected 
and seeds from teak trees, of which one was found near the labora- 
tories of the Department of Forestry and the other in the Botanical 
Gardens, both in close proximity to infested Lantana^, Avere carefully 
examined for evidence of attack by flies but none aa’-rs found though 
several dozens Avere passed under the binocular. Indeed, there is 
too little of pulp on teak fruits for the flies to thrive. 

As regards the other insect agencies I have already mentioned, 
the Tortricid caterpillar is certainly the most effective. It tunnels 
out the floAver-heads and destroys them, and as it is found in large 
numbers, it is certainly very effective— more effective than the fly 
both in the opinion of Mr. Sweezey and myself. The Plume-moth 
is already in India. The bug (Teleonemia) is also effective, having 
a blighting effect in Lantana especially in localities Avhere there 
is moist shade. There is, the Avriter believes, even greater danger of 
its introduction into India. The other bug (Orthezia) has already 
been noted in India an^ is equally dangerous. The Gall fly is a pest 
among the least important but in some bushes a large number of 
them^ Avere found. A catalogue of insects of minor importance need 
not be attempted. 

' ■ T^ can be no doubt that the check that Lantana has received 
is in a great measure dim to tihe conjoint action of these various 
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insects. It is difficult to aiTive at a correct estimate of tlie relative 
share each has in the total effect or each would have had were 
their paiasites not present. It is even more difficult to disentangle 
the share of the human factor. American capital and enterprise 
has wrought a transformation in the course of a generation of the 
Hawaiian islands embracing every aspect of civilized advancement 
which it is difficult to put into words. Enormous areas have been 
brought under scientific cultivation. Plants and animals have 
been^ introduced, propagated and spread and the population has 
multiplied rapidly. These are forces before Avhich Lantana must 
inevitably have receded, and the further set-back it has received 
from insect pests should be looked upon as no more than 
supplemental. 

The success that has attended the introduction of the fly into 
Fiji and New Caledonia must be placed in the same category. The 
behaviour of an introduced insect under the comparatively limited 
flora and fauna of small island groups subject to many interferences 
of rapid settlement and progress in cultivation is of very doubtful 
value as a guide to the course it would take when introduced amidst 
the very different conditions of a continent. But the fly has proved 
distinctly beneflcial not only in the islands of Hawaii and Fiji but 
on the continent of Australia as well where in both Queensland and 
New South Wales it has helped materially to keep Lantana in 
check. It is to be hoped, therefore, that similar results may follow 
its introduction in some at least of the many extensive areas in India 
where Lantana now flourishes. And the fact that seeds of teak 
were not found attacked encouraged the hope that the scope for 
its activity outside Lantana is limited in India. It was in that 
hope that a consignment was sent by me to India. There having 
been a through service to India at that time there was ,uo tranship- 
ment and no less than 273 flies were liberated in Bangalore, the 
most careful precautions being taken to exclude the parasites. 
Unfortunately on none of the bushes they were liberated the flies 
caught on and no recoveries have been obtained in spite ot very 
careful search. A fresh consignment has not been obtained because 
through service to India has ceased. But efforts are being made to 
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obtain sup|)Iies from Queensland between wliicb and India no 
transhipment is necessary. Now that the shipment over long 
distances has been demonstrated to be feasible, the introduction 
of the fly is neither difficult nor expensive, and it is hoped that 
before long the insect will be established in India, 
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SIMPLE CONTEIVAFCES FOR STUDYiNO ROOT 
DEVELOPMENT IN AGRICULTIJRAL CROPS.* 

BY 

Rao Saheb T. S. VENKATRAMAN, B.A., 

Government Sugarcane Expert, Coimbatore; 

AND 

R. THOMAS, 

Botany Assistant. 

Introduction. 

That roots of plants— tliose of agricultural crops in particular — 
need a careful study is now well recognized, thanks to the marked 
attention paid to the subject in recent years. Unlike the above 
ground portions of the plant, whose development and growth can 
continuously be watched, the roots are hidden from such observation 
by the opaque soil in which they develop and function. No apology, 
we believe, is therefore needed for placing before this Congress 
certain methods which have been found useful in a study of the roos 
development of sugarcane varieties and seedlings. The methods, 
though employed by us solely in connection with cane, are capable 
of being applied to other crops as well with necessary modifications. 

Method foe studying relative depth and plan of 
ROOT development. 

(a) The apparatus.' 

Rings of country earthenware, one foot six inches in diameter 
and six inches high, are obtained. Any village potter will be 
able to make them — at Coimbatore they are available at Rs. 12 


* Paper read at the Botanical Section of the Indian Science Congress, Bangalore, 192-1. 
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“ tlie centre <jf a bamboo or 
vooden tame 4'X4'X4'. Tire edges of the „etti.!g, chiefly the 

oers, are fastened to the frame as tightiy as possible (Hate ill. 

fff rrith “““ >>« “lipped 

layers of netting are breken-thougli after some experience even these 

Xands^ f or future use by temporarily unfastening the holding 
strands and mfoldmg the netting while slipping the rings off. Hie 
whole root system of the plant will be found fully exposed with the 

(nlxit firir ‘ 

For greater accuracy and for thinner roots half inch netting 
and finely sifted soil for filling the rings are recommended. The 
dimensions <,f rings given above have been found adequate for 
followmg root development in canes up to a period of about three 
m^^ths from germination ; for more advanced stages wider rings 


(c) Uses and advantages. 

(1) By laying down a sufficient number of cohmins it is possible 
to follow root development from stage to stage. For this purpose 
half a dozen to a dozen plants of the same variety and of the same 
age are lifted out for examination at definite intervals, say, once a 
fortmght. The reason for examining more than one plant at a 
particular stage is to rule out individual variations. 

(2') The method is fairly fool-proof, as the arrangement ensures 
the roots being caught automatically in their original positions when 
in the soil or veryffiear them. 

(3) After fixing to the frame the root system lends very easily 
to photography-a rather important condition for the accurate 

recording of root development at successive stages. 

(4) The method makes possible the study of the effect of 
different soils on the roots of one and the same plant. This is done 
by arranging adjacent to each other two columns of rings and 
filling them with different kinds of soils. The cane sett is pkced at 
the top between the two columns and half of the lioots is allowed to 



* Ihe bangles used are of the kind available in most Indian bazaars at Bs. 2 a hundrec 
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develop in ea<?Ii. Effect of different irrigation waters could also be 
similarly studied (Plate XIV, fig. 2). 

Tlie above method has one disadvantage, however, in that the 
soil in the bottom rings may not be quite representative of the 
subsoils in the ground chiefly in texture. But against this it may 
be mentioned that, in a study of root systems of agricultural crops, 
the top layers of soil are of greater importance. While filling the 
rings we have attempted to simulate conditions in nature, by 
keeping separate the different layers of soil as they are removed 
fiom the trenches, filling the rings back in the same order and 
carefully compacting the soil layers as the rings are laid. 

Method for continuously watching root development— 

CULTURE SOLUTION IN CHEAP EARTHEN COOKING POTS. 

The first method, though useful for recording root development 
at definite periods, is not suitable when, for any reason, a continuous 
observation of the roots as they develop is desired ; the mass of 
opaque soil prevents such an observation being made. This was 
found a disadvantage of considerable magnitude when studying the 
early developmental stages in the cane. A different method had to 
be devised |or the purpose. 

(a) The apparatus. 

Ordinary country earthenware cooking pots— available even in 

village bazaars at Rs. 6 to Rs. 20 a hundred according to size— are 
employed. The cane sett, whose root development it is intended 
to study, is suspended into the pot by a paii‘ of glass bangles * from 
a piece of bamboo laid across the mouth of the pot (Plate XVI, 
figs. 1 and 2)'. 

^ The pots are filled with dilute culture solution— we have been 
using Knop’s, but any mther might do equally well — till it covers 
the suspended sett excepting the bud. For sugarcane plain water 
has b^en found to serve the purpose during the very early stages, 
culture solution is renewed when it begins to smell. 





PLATE XV. 









.'"'y,>, »\ 


Figs. 3 and 4. Two typical photographs of sugarcane roots from culture solution pots. 
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have t,“ f 7 °^ *«‘=‘7 « <<1* pota audtve 

xiib day plants over seven nionths old wifli f iii f i 
(Plate XV). ‘ uionrns old with fully formed canes 


{h) Uses and advantacjes. 

aXCp^rtp 

gUbs jaK or glared earthenware vmels are not only L'leceseary 

bat myferewrth the aeration of the cultur-eaolutione ^ 

^ ^ ® porons earthenware provides for a free exchano-e 

ot gasee between the solutions and the outside air; in fa“ it Is 
ound that pourii^ the solution slowly into another pot and pouriiw 

solutit of tl.: 

(3) The evaporation from the surface of the pot-resultinv from 
^ts porous rmtoi^prevents the solution inside the culture pot 
getting to a higher temperature than desirable for a satisfactory rL 
development a common trouble when plants are grown in Z 
receptacles placed above ground. ® 

rlav of the roots from 

dj to day and from morning to evening. As the result of such 

contmuous observation-unavailable in any other method-certain 
important diSerences in the evolution of the root systems of difleient 
cane yaneties have been revealed (Plate XVI, hgs. -3 and 4) One 
^'h IS the close correlation that has been revealed between the 
shoot roots of a gemunatmg sugarcane sett and the health, vigom-p 
and tillering of tbe particular plant. ° 

(o) The metliod enables the obtainment of reliable data on 
qumitiy of roots developed; when specimens for weighment have 
to be obtained from plants grown in the soil, there is always the risk 

oi losing small bits of roots during tbe washing. 
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(6) Barring modifications resulting from the roots being grown 
in liquid media, the process has enabled the securing of different 
functional regions of one and the same root — from the root cap to the 
old branching and conducting regions, 

(7) The method promises to be useful for studying the develop- 
ment of root hairs. This is done by placing* hr the solution test 
tubes filled with glass or pebble sand and allowing one or more of the 
roots to grow in them. 


# 
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AGRICULTUEAL CO-OPERATION IN INDIA.* 


H. CALVERT, I.C.S., 

Registrar of Co-operative Societies, Punjab. 

Ip we are to understand correctly the position of the co-opera- 
tive movement in India, we must attempt to arrive at a proper 
appreciation of the main factors affecting the lives of the people. 
Of^ these, undoubtedly, the most important are the prevailing 
religions. Oit of a population exceeding 319 millions, over two*^ 
thirds are Hindus, and more than one-fifth Mohammedans ; to the 
European, the followers of both of these great religions appear to 
under-estimate the capacity of human energy, intelligence, and 
enterprise to mould the conditions of life. The Hindu philosophy 
tends to belittle the importance of material wealth; it seems to 
attach no worth to material progress and rather inculcates an attitude 
of passivity to the vicissitudes of nature. In addition to this, the 
caste system, which many educated Hindus now regard as an 
unnecessary adj unfit, has divided manldnd into unchangeable 
strata, so that not only is a man’s position fixed by his birth, but to a 
large extent his occupation is also predestined for him. Thus 
Hinduism and the caste system combine to produce a quiescent 
attitude towards problems of material improvement ; human ' 
appetites must be denied rather than served by the expenditure of 
intelligent effort, and human desires must be suppressed rather than 
pandered to by an elaboration of the standard of living. 

Int. Rev. of Agri. Scowls. 

( 515 ) 
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Altliough ^Mohammedan ideas differ widely from those enter- 
tained by Hindus, their effect on economic progress is much the 
same ; the fatalistic attitude towards the world prevents Mohamme- 
dans from exalting human achievement, and encourages a passive, 
resigned state of thought. The prohibition of interest serves to 
deter them from engaging in banking, and many forms of trade in 
which interest plays a prominent part, as well as from most forms 
of capitalistic enterprise. The extreme form of the religious ban on 
interest discourages all thrift and saving, and nearly all expenditure 
on productive objects except the land. 

This outlook on life, prevalent amongst the followers of both 
the great religions, appears to receive strength from the extreme 
dependence of the country upon the monsoon. Over sixty per 
cent, of the people are engaged in agriculture, and agriculture in 
India is, for the most part, an effort to utilize the rain that falls 
between June and October. The monsoon divides the year into 
two seasons yielding respectively a summer and a winter crop, 
and both harvests may be ruined by a failure of the rains. Thus 
while the Hindu philosophy and the caste system serve to dissuade 
men from that restless search after material wealth which is supposed 
to be characteristic of the West, and while the fatalism of the 
Mohammedan tends to make him belittle the importance of human 
effort in the scheme of life, the beliefs of both apparently receive 
continuous corroboration from the vagaries of the monsoon, for 
the outturn of a crop varies less with the skill of the cultivator 
and the scientific knowledge he brings to his task than it does 
with the amount and seasonal distribution of the monsoon rainfall. 

These broad features account in considerable measure for the 
fact that while India is naturally one of the potentially richest 
countries of the world, a large proportion of its inhabitants are 
desperately pooi*. It is open to question whether poverty in India, 
with its joint family system, is ever so acute as in industrial centres 
in Europe during periods of depression ; certainly the existence 
of a million people in receipt of State relief, which post-war condi- 
tions have produced in Europe, would be regarded here as evidence 
of almost unprecedented famine; in agricultural countries acute 
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unemployment for long periods is rare, the industry is less liable to 
violent fluctuations than many of those to be found concentrated in 
factories and the natural fertility of the soil and the possibility 
of a harvest every six months limit the period of inactivity. Still 
the average earnings of the people are low ; generations in the 
past have left no legacy of economic achievement or of material 
advancement for the benefit of the present. The sinking of vast 
sums of capital in large public works was almost unknown, so 
that the face of the land, mitil the arrival of the British, was very 
much what nature had made it, aftered but little by the creative 
energy of man. Where :fe,mines are regarded as a scourge from 
above, it were sacrilege to take measures, preventive or protective, 
to thwart the Divine Will, so that the history of India is punctuated 
with periods of starvation and distress, continuing, in spite of the 
efforts of the British administration, almost up to the end of the last 
century. In such a large country, it was, indeed, seldom that a 
harvest failed throughout the length and breadth of the land ; 
the successive famines were mostly local failures of the food supply 
which were accentuated by the imperfect facilities of communication 
and transport. Alike for the prevention and the relief of these 
accidents, the country has had to await the introduction and 
expansion of railways ; and these same railways have rendered it 
possible to encourage the production of food grains in excess of local 
needs by means of large irrigation works. For many decades the 
British administrators have steadily applied themselves to the 
prevention of famines, and most of the bigger productive works 
have been undertaken with this object. The measures have 
achieved marked success, so that a famine due to actual scarcity 
of food is almost beyond the realms of probability ;• but there may 
still be severe distress, not from scarcity of food but from inability 
to purchase it. The cultivator of India tills but a 'few acres ; the 
habit of thrift is nearly non-existent and the’lack of a proper sense of 
responsibility for his economic future leaves him always unprepared 
to meet the strain that follows a failure of the monsoon. ' 

It was as a measure of famine prevention that the Government 
of India undertook to introduce co-operative credit amongst the 
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agriculturi.sls tiuul persons of limited means, with the hojie that 
by the encouragement of the spirit of tJuift and self-help, the 
economic position of the masses would be so strengthened that they 
would be able, to resist the periodic catastrophes which, in less 
happy days, led inevitably to famine, starvation and death. To 
this genesis of the movement is to be ascribed, also, the element of 
officialism, which is apt to be misunderstood ; the Government 
could not afford to wait for private agencies to arise and organize 
the people on co-operative lines ; periods of scarcity and distress 
recurred too frequently to permit of time being so lost. The result 
is that the co-operative movement in Ind^a is largely the product of 
official stimulus and official energy ; if to many this official element 
appears too prominent, the remedy is in their own hands, for in 
all provinces there are vast fields for the display of unofficial service 
and public spirit, but the majority of actual co-operators have 
learned to regard the Government servant as their friend and 
helper, while, on their part, the officials would deny any tendency 
to discourage the introduction of private helpers in so large a 
field. 

Eepeated Commissions of Inquiry have laid stress on the 
extent to which the ordinary cultivators are in debt, and this 
indebtedness has led to a long series of legislative efforts to remove 
the various causes which drive them to borrow. In order to meet 
the borrowers’ needs. Acts to facilitate loans for ordinary agricul- 
tural purposes and longer term loans for land improvements 
have been passed and amended ; the former rigidity of the land 
revenue payment system has been made elastic ; implements, 
cattle, seed, etc., have been exempted from a?fctachment by Civil 
Courts for debt ; special legislation such as the Encumbered Estates 
Act, the Deccan Agriculturists Eelief Act, the Punjab Alienation of 
Land Act, etc.," has been undertaken ; in short every effort has 
been made to remove the necessity of borrowing from the cultivating 
class. But still debt has risen, and itis only in recent times that the 
authorities have appreciated the fact that the real cause of debt, 
here as elsewhere, is the existence of a number of money-lenders 

India, the habit of 
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, investment in joint stock enterprize does not exist ; of^^^tlie moderate 

I number of companies run by Indians outside the chief cities the 

I majority fail to inspire confidence ; there is little competition for the 

I idle capital that exists ; there is almost no trust in the public 

.i, company and there are few of what in Europe would be called 

I gilt-edged securities. ‘The rate of interest paid on Government 

f stock is not sufficiently attractive to a people who even in Vedic 

times were known as inveterate gamblers ; while the lack of business 
experience amongst the great majorj.ty leads to unrealizable expec- 
tations of profit from the simplest forms of enterprize. The result 
has been that away from the great cities, the natural use for spare 
j capital has been regarded as money-lending and money-lending is 

I one of the most profitable industries in the country. No efforts, 

[ then, to reduce indebtedness could be successful until the money- 

[' lender could be replaced by some alternative system of credit and 

*1' the one that found favour was that associated with the name of 

■ Raiffeisen. If indebtedness was to be driven from the land, the 

I need for resorting to the money-lender must be removed by the 

substitution of a better agency for financing agriculture. The 

■ Indian money-lender seems to have existed from time immemorial j 

I along with trade, tillage and harvesting, it was one of the four 

honest callings, although it was forbidden to Brahmins. There 
were various old laws controlling the rate of interest which varied 
: according to the caste of the borrower ; the high castes paid little, 

j but those lower down could be charged sixty per cent., and could 

I be made to pay- off their debt by labour ; the ancient writings 

mention the sale of wife or children to repay debt. These facts are 
worth remembering because one of the difficulties in the way of 
promoting thrift is the attitude towards debt adopted by many 
of the people. Debt appears to them as customary ; a man is^ 
born in debt, he dies in debt, and his son»takes over the burden 
along with the ancestral property. A scheme designed to alter 
this and to banish debt and replace it by savings runs contrary 
to the accepted order of things which has prevailed since time 
began. It not infrequently happens that a patient explanation 
of the advantages of co-operative credit as a meahs of getting rid 
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of debt and <«f substituting thrift is countered with the remark 
that as the father inherited debt, why should not his son ? 

The first Act legalizing co-operative credit societies was passed 
in 1904; it applied only to credit ; in each of the major provinces 
there was appointed a special official (generally drawn from the 
Indian Civil Service) known as the Registrar? whose duty it was to 
organize societies, select and teach instructors, supervise the working 
of the infant institutions, and have them audited ; they were 
given full powers to inspect and^ control, which they were expected 
to use with the sole aim of assisting the societies to learn to dispense 
with this form of help. In the early years, progress naturally was 
slow ; not only W'ere the Registrars themselves untrained, but the 
amount of literature in English on co-operative credit was at that 
time very limited. Fortunately, however, the officials selected 
were fully imbued with a sense of the fine opportunity afforded 
to them to labour in the cause of the poor cultivators, and conscien- 
tiously set themselves to learn and teach. It was, however, 
unfortunate that none of them had had any practical experience 
of the actual working of co-operative credit in Europe, and they had 
no non-European types to study, and no guidance from experts who 
knew the conditions both in Europe and India. In spite of this, 
very substantial success was achieved which reflects the highest 
credit on the officers responsible ; but by 1913 it \¥as considered 
desirable to review the situation and a special Committee was 
appointed to tour India and examine the progress made and to 
study the methods adopted in the various provinces. This Com- 
mittee published a valuable report, known as the Maclagan Report 
from the name of the President, Sir Edward Maclagan, now Governor 
of the Punja-b. In this valuable work, there was embodied a series 
^pf recommendations which have now for the most part been incor- 
porated into the movement, and which have undoubtedly served 
to place the credit societies in a somid financial position. The 
original Act of 1904, which had provided only for credit, had already 
been replaced by another in 1912, which permitted other forms of 
co-operation than credit and made provision for secondary societies. 
In its general oirbline the law follows closely the English Friendly 
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Societies Act ; it embodies certain essential cond-Uions of the 
Eaifieisen society, which are compulsory for rural banks, but it 
leaves to Local Governments the framing of subsidiary regulations bv 
giving them a rule-making power upon many of the matters which 
find place in Acts of other countries, such as Germany. Speaking 
broadly, all Registrars have studied closely tlie various European 
systems and have, in particular, derived great benefit from Cahill’s 
Report on Co-operation in Germany, and have followed German 
example in the drafting of these rales as well as in the by-laws. 
State aid is less prominent than in most European countries' as the 
example of English Consumers’ Co-operation is adhered to ; the 
concessions are the usual exemptions from Income Tax Recristrn- 
tion Fees, and Stamp Duty. In two important' part'mulai:,^ the 
Indian Act differs from those of nearly all countries ; one is that the 
Registrar has power to refuse registration of a society until he is 
satisfied that it has a fair chance of becoming successful ; and the 
second that he can cancel the registration and so force a society into 
liquidation. ^ Both these powers are designed and are used to ensure 
a high quality of wmrk within the society, and to build up public 
confidence in co-operative credit. 

Under this Act, there are at present about 47,300 primary 
credit societies registered ; of these, the vast majority (45,000) are 
rural banks with unlimited liability on the Raiffeisen^nodel ; these 
differ but slightly in the different provinces, and may be roughly 
classed into those with and those without shares. The share type 
originated in the Punjab at the suggestion of the people themselves j 
the members subscrijpe a small sum, not less than one rupee a year, 
and generally two rupees or more, for ten years in order that their 
owned capital may bo the greater and that they may enjoy the 
sooner the advantages of independence of outside borrowing. At* 
the end of ten years, this share money may bS disposed of in any one 
of several ways as may be determined at a general meeting; it 
may be returned to members, or it may be converted into 'even 
permanent shares of, say, ten rupees each, the sum in excess of this 
being returned ; or it may be made into non-returnable shares 
without being evened off. Where it is returned to members, 
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these in sonie’cases begin afresh to subscribe for another ten years. 
The accunrulated profits are dealt with in a similar variety of ways. 
They may be converted into nomreturnable shares, in place of or 
in addition to the other shares, or they may be kept indivisible 
for ever ; at least one-fourth must be kept as indivisible reserve- 
Thus after ten years, many share societies become pure Raiffeisen ; 
others distribute profits up to a maximum of 9 or 10 per cent, 
in the twelfth and succeeding years ; others retain shares with 
indivisible profits. Generally ' speaking, Mohammedan societies 
prefer indivisible profits, while Hindu and Sikh societies incline to 
dividends in the twelfth year. It is unfortunate that the term 
“ shares ” has been used in connection with these small sums. 
They are in no sense a measure of a member’s stake in the society > 
they do not affect his unlimited liability ; they are not shares in the 
joint-stock sense. On the other hand, they differ from compulsory 
deposits in that, on liquidation, they rank after deposits, so that a 
deposit would be repaid, if need arose, from shares before any call 
would be made on the unlimited liability. They are' best regarded 
as a small paid-up portion of the unlimited liability. The great 
advantage of these small shares is that the owned capital is rapidly 
built up ; the share-money as well as the accumulated profits is 
used in the business of the society, and earns interest ; the result 
is that in most societies, independence of all outside financing 
agency is attained in fifteen years, and in many cases in ten years. 
It is objected that this independence has its drawbacks inasmuch 
as it leaves the society too free from control from the superior 
secondary institution ; while another objection is that where the 
owned capital is large, the members are apt to borrow in excess of 
their real needs. In many parts of the country, the share system 
- is unpopular -and so has not been introduced. Where the share 
system does not exist,' societies follow the Raiffeisen model, with 
unlimited liability and indivisible profits ; in some places, an 
attempt is made to introduce a system of compulsory deposits in 
order to encourage thrift and set funds free for further expansion. 

With the exception of Bombay Presidency, the rural credit 
society is a sm^l unit with from 20 to 30 members, and with a 
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working capital of about Rs. 2 , 600 , or rouglily Rs. 90 per member ; 
in Bombay, the membership is about 74 . Of tiic ^\•C)rking ciipitab 
usually very little is contributed by members ; outside Bombay 
and the Punjab, members’ deposits amount to very little. Under 
the Act, all profits of societies with unlimited liability are indivisible 
unless the Local Govefnment otherwise directs ; most Governments 
have kept profits indivisible for ten years, so that there is a steady 
piling up of a very valuable reserve which now amounts to nearly 
150 lakhs of rupees. This reserve is largest where the share 
system has be^n longest in force, as all profits resultiiig from using 
the share money in the business of the society are added to reserve ; 
thus this fund amounts to 57 lakhs of rupees in the Punjab, where 
nearly half the sum on loan to members is covered by their savings 
m the form of shares, profits or deposits. It is this financial strength 
following on the adoption of the share system, which is inducing 
other provinces to popularize the same measure. 

The actual working of the societies throughoiit India is very 
much the same. A committee of management is elected by the 
members and is responsible for the ordinary business : it is guided 
and bound by a careful scheme of by-laws drawn up by the Regis- 
trar ; these by-laws are based upon the Raiffeisen model, with 
modifications to suit local conditions; they cannot be altered 
without the Registrar’s consent, as every amendment has to be 
registered and he has power to refuse registration to objectionable 
changes. According to the recommendations of the Maclagan 
Report, every society is supposed to agree in general meeting 
upon the sum which it can borrow from outsiders during the year ; 
that is to say, the society places a limit to the liability it is prepared 
to incur. This is known as the normal maximum credit ; in some 
provinces, Assistant Registrars check this and inform the financing 
agency, as weU as the society, of the sum they considfer reasonable iiJ 
view of the requirements of the members. Within the society 
every member is usually given a fixed maximum credit which the 
committee cannot exceed without the sanction of the general 
meeting. Within these limits, the committee accords sanction to 
loans to members; these loans, in the peculiar^circumstances of. 
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India, cannot ^be confined to productive purposes, but tbe essential 
of '* necessity is usually insisted upon, that is to say, a member is 
allowed to borrow for expenditure which the committee regards as 
necessary in view of the ceremonies the member has to perform. A 
persistent attempt is being made with promising results to impose a 
limit to expenditure on marriages, funerals and other objects which 
religion or custom demand ; but when it is remembered that extra- 
vagance upon marriages is regarded by many observers as the 
most important cause of debt, the difficulty of controlling this item 
will be appreciated. The great difficulty facing all attempts to 
diminish expenditure on these ceremonins is the existence of the 
money-lender always ready and anxious to lend what the society 
refuses to advance. The problem is too intricate to yield to summary 
treatment, but steady persistent teaching, carried on with unending 
patience by the staff of the Registrar, is beginning to yield benefits 
in some parts. The chief objects for which loans are advanced 
are repayment of old debts (everywhere a large item), marriages, 
seed, fodder and cattle and the payment of land revenue. This 
last item represents chiefly the assistance afforded to the cultivators 
to hold up their produce for better prices while still enabling them to 
meet the government demand. Less important objects numerically 
are land redemption, land improvement, sinking of ^vells, rent, 
land purchase, and purchase of agricultural implementsi In every 
province, the need for the repayment of old debts is a serious 
problem which cannot be neglected. These old debts usually carry 
a high rate of interest ; experience has shown that to lend sufficient 
to enable the member to pay them off at once does not always lead 
to good results as the member, relieved of the crushing burden of 
interest, secnis to lose the incentive to repav the societv. On the 
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refuses to provide money for extravagance. Similariy, it is felt 
that too pat strictness in enforcing repayment of a%wiety’s loan 
would drive members back to the money-lender. The latter is 
always ready to oblige, trusting to the Indian idea in regard to 
ancestial debt ; his rates of interest are so high that he can afford 
to risk loss of principle, while the prosperity developed by British 
rule has placed in his hands a large sum for which he can with 
difficulty find investment. On the whole, the movement is making 
steady progress ; the number of a,gricultural credit societies has 
increased in thfe last five years for wffiich figures are available from 
23,000 to 45,000 ; membeiMiip has similarly increased from 851,000 
to 1,516,000, and working capital from 689 lakhs to 1,332 lakhs of 
rupees. That there are grave defects, no one realizes better than 
the Registrars and their staffs, and no one works harder to eliminate 
these defects. Their task is made harder by the peculiar condi- 
tions prevalent. Illiteracy is the rule ; where in Eui’ope, the squire, 
the doctor and the priest will be found helpful and sympathetic, 
in India all ,will be illiterate and generally reactionary. The 
extreme dependence of agriculture upon the monsoon and its 
vagaries prevents regular repayment ; religious feelings are respon- 
sible for the absence of animal husbandry, and of many of the 
subsidiary occupations which add to the family income in Europe ; 
caste feeling prevents the keeping of poultry except by those of low 
caste, and sericulture is similarly regarded askance by the petty 
owners as something only fit for those beneath them ; generally 
there is no alternative industry to which the people resort when not 
occupied on the land ; rural industries are for the most part the 
work of menial castes ; in many parts of the country, the women 
are not allowed to work in the fields, and nowhere do- the women 
contribute to the household income to the extent common in Europe ; 
past conditions of insecurity and religious beliefs have combined to 
stifle the idea of self-help and to limit provision for the future ; the 
standard of livhig is low and easily satisfied, an addition tp the 
income is usually offset by a reduction of work ; at the same time, 
there are certain customs and ceremonies which involve expenditure 
out of all proportion to the means of the cultivator’s and which are 
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readily catere'i for by the ubiquitous money -leuder. In extensive 
tracts, the land is in the hands of large owners, who are apathetic 
to tlie interests of the tenants and sometimes even antipathetic 
to any measure that promises to raise them from their economic 
serfdom. Finally, there is a remarkable lack of economic organiza- 
tion into which the co-operative movemenf} can fit. The most 
striking element in the economic life of India is waste. But when 
an attempt is made to remedy this by co-operative organization, 
it is found that a single society or even a small group can do little ; 
not until the whole machinery of rural activity is properly organized 
on co-operative lines will there be scope |or many forms common in 
Europe. This is particularly noticeable when an attempt is made to 
organize societies for purposes other than credit ; everything has 
to be organized from the very bottom. It may be objected that the 
very necessity for numerous societies required to meet the poverty 
of the people serves to hinder a healthy growth ; there is an insistent 
demand from the people themselves ; there is a body of conscien- 
tious officials only too anxious to do whatever may be possible to 
provide relief from the intolerable burden of debt ; between the 
two there arises a tendency to start societies without sujfficient 
preparation, and it is here that the power of the Kegistrars to refuse 
registration becomes valuable. In order to build up for the co- 
operative idea a sound reputation amongst the public, it is essential 
that no depositor should lose his money, and in consequence financial 
soundness is insisted on. It is usual for societies to be classified 
as “ good,” “ fair,” “ average ” and “ bad ” upon the basis of the 
annual audit, and it is the Registrars’ custom to insist upon regular 
inspection of all societies classed as bad and to direct compulsory 
liquidation where the members show no inclination to remove the 
defects brought to light. This power to bring about liquidation 
extends to all societies whether organized by the official staff or 
by non-ofl&cials ; the work of liquidation is extremely troublesome, 
and iii consequence Registrars freely exercise their power to refuse 
:egistration to societies until they are satisfied that the applicanfis 
lave been properly instructed in co-operative principles and in the 
msiness of credit, that sufficient and efficient supervision will be 
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available, tliat honest office-bearers have been elected;^ and that the 
members are not merely willing to borrow from "the financing 
agency but are prepared to put forth the moral effort required 
to raise them from the serfdom of debt. This official supervision 
and^ control is frequently misunderstood, but the fact that all 
Eepstrars constantly ^nd societies securing registration which ivere 
quite imfit for it shows that it is not excessive. In a similar way, 
too, the need for rapid progress militates against the full development 
of the right spirit. To finance the new societies, funds are constantly 
needed , if the, members were left ^o their own resources, to raise 
funds from amongst themsqlves and their neighbours, too much time 
would be lost. The result is that central banks are encouraged to 
come to the help of new societies, and this undoubtedly serves to 
remove from the members the necessity of securing local confidence 
in order to secure local deposits, and also of striving to develop 
thrift amongst themselves. The distant central banks cannot 
exercise that close supervision over the societies which neighbours 
with money in deposit can and the members lose that moral 
training involved in building up confidence by slow and painful 
stages. 

It is to fill up this gap that in some provinces what are called 
guaranteeing unions have been organized. Their chief functions 
are to relieve the central banks of the detailed work of inspection 
and supervision, to pool their securities and redistribute their total 
credit amongst their constituent societies, and, in order to protect 
these from loss due to the misconduct of any one, to ensure thorough 
training and instruction in duties and responsibilities. Each union 
is composed of a small number of primary credit societies, and 
its managing committee is elected from the members of these 
societies; this committee assesses the credit of the constituent 
societies and informs the central bank of its decision and under-' 
takes a certain amount of responsibility for securing repayment of 
any loan from a central bank to a society advanced in accordance 
with its recommendation. Thus each society accepts a certain 
amount of responsibility for the repayment of loans to other socie- 
ties in the union, and so has a motive for insisting upon sound 
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working. In? actual practice this responsibility appears never to 
have been enforced, so that it is difficult to say how far the system 
would stand a strain ; but these unions have aroused much enthu- 
siasm amongst their supporters in Burma and some provinces of 
India, and have also incurred severe , criticism from the veteran 
Mr. Wolff. In some cases, the Registrar admits that they are 
purely nominal, that the committees do not appear to realize their 
responsibilities and that the principle underlying them is not 
understood. Their gi-eatest supcess has been achieved in Burma, 
where the idea originated, but they have been pronounced successful 
in several provinces of India as well. Thbre appears to be no doubt 
that if the committee can be induced to perform their responsible 
duties, these unions can be of great benefit to the movement. In 
some provinces, they are replaced by banking unions of which some 
account Avill be given in another article. 

' Before leaving this side of the movement, it may be remarked 
that hitherto, large though the numbers are, the credit societies 
have only touched the fringe of the great problem of iwal indebted- 
ness. They have afforded ground for hope that a way of escape has 
been discovered, that the Indian cultivator can get out of debt 
whenever he is prepared to make a real effort at self-help and thrift, 
and that borrowing from the money-lender is not the necessity which 
some Indian writers prefer to believe. At the same time, it must 
be admitted that co-operative credit is not likely to rid the country 
of the great burden of useless debt Avhich encumbers agriculture ; 
there are many devoid of the desire to put fortli any effort at self- 
improvement ; many lack the character which is essential to 
success ; many lack the strengtli of will ; many are too selfish, and 
having got rid of their own debts 'with the aid of a society resign and 
Jeave their neighbours to their fate ; others are too weak to resist 
the wiles of the ever-pi^sent money-lender, and sink back into his 
toils as soon as the society attempts to recover loans from them. 
H'he movement is achieving great success, but it is too young yet to 
replace age-old customs ; a new geireration must sjrring up unaccus- 
tomed to money-lenders and accustomed to regard their society as 
the financing ag&cy before it will be time to pronounce a verdict 
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upon the co-operative credit movement in India^r The magic 
woiks in congenial soil here as elsewhere ; but there are ' many 
who do not desire economic uplift, who are content with the ample 
leisure which the satisfaction of their simple wants leaves them, 
and who will not throw off the easy habit of reliance upon nature 
when nature is bountiful and on the money-lender when she is not. 

Considering the small number of years during which systematic 
effort has been made to inculcate the co-operative idea into the 
minds of the cultivating classes, the success achieved has been 
remarkable, and although it is undesirable to put forward extra- 
vagant claims, there is good ground for believing that a continuation 
of these efforts on the same lines would bring vast benefit to the 
country ; whether the changed political conditions will permit of this 
is a question outside the scope of this article. 

In India, as elsewhere, the credit society has been found a 
valuable starting point for further experiments in co-operative 
enterprize. The ideas of self-help and mutual help are easily 
taught in credit work and, once well imbibed, can be directed into 
other channels. In the last five years the variety of experiment 
has been remarkable; the number of agricultural societies for 
objects other than credit has increased from 272 to 1,165, but as 
most of these have been organized in order to test the prospects of 
success, the variety is more important than the number. One 
of the earliest experiments was in cattle insurance in Burma ; 
it attained a certain amount of success owing to an element of 
compulsion, but it is doubtful how far the type will last now that 
this element has been withdrawn ; the only other province in which 
this experiment has been tried on any scale is the Punjab, and there 
the efforts of the staff to popularize the measure have only met with 
a moderate response. In both provinces, the societies have been 
confined to a few districts and there has been no demand for extern^ 
sion. Cattle mortality of a preventable nature is very high in India 
and Burma ; religious feelings prevent systematic elimination of the 
less fit, so that there is apt to be a surplus of weak animals, which 
succumb to disease and serve to spread contagion around. Preven- 
table mortality is one of the most frequent causes of borrowing, 
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and cattle disease and fodder famines are probably among the 
chief factors in rural debt, so that a popular system of insurance 
would be a great boon ; but the idea of providing for future contin- 
gencies, in a country where the money-lender is so ready to offer 
assistance, is poorly developed and it is doubtful whether any 
insurance would survive the withdrawal of o^cial help and stimulus. 

All over India, the necessity of extending co-operative activities 
to objects other than credit is fully appreciated by the Eegistrars 
and their staffs, and sustained efforts are being made to develop 
these societies. Those which ""at first appeared to promise most 
success were for purchase and sale; socifdies for providing manure, 
agricultural implements, seed, and simple household needs, such 
as cloth, have been organized in almost every province ; in some 
cases there are separate primary village societies for these purposes ; 
in others, the primary credit society is the actual distributing agent, 
while their supplies are obtained through supply unions constituted 
from societies. Opinions differ as to the advisability of multiplying 
primary societies in Indian villages where the number of men 
qualified for the committee is so small ; in Bombay, complete 
separation of finance from supply is advocated ; in the Punjab, it is 
held to be useless to register two societies in the same village which 
are the same in everything except the books and the object. 
Throughout India, there is a distinct tendency for supply societies 
to decline. For this two causes are assigned ; an Indian Eegistrar 
of Bengal voices a general opinion when he remarks that “ there is, 
perhaps, in the Indian Mufassal (rural areas) a greater difficulty in 
finding a capable management for such societies than in Western 
countries ” : while another reason is that the difference between 
the nominal^ wholesale and retail prices is smaller than in Europe. 
The Indian retailer depends for his profits less upon difference in 
'■price between ''his purchases and his sales than upon adulteration, 
short weights, and similar devices. Further, the Indian shopkeeper 
is frequently also the money-lender, and manages to keep his clients 
loyal" to his shop by involving them in the toils of usury. The 
idea that he makes large profits from retailing petty household 
necessaries is pi^obably incorrect ; he earns something by usury. 
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sonietliing by making his clients sell their produce to' him at rates 
fixed by himself, and something by (dieating in weighments, etc. 
Where a society has made a good beginning with the co-operative 
sale of cloth, etc., it has happened that a selfish member, having 
learnt how to follow suit, has started a shop of his own. One 
important obstacle to huccess, undoubtedly, is the habit of giving 
credit and so of expecting it. A private shopkeeper prefers to sell 
on, credit as he keeps the accounts himself and adds his own interest, 
and the co-operators are not yet sufhciently educated to understand 
that the co-operative ideal of sales for cash is really^ of great benefit 
to them. It would appeal that the idea of joint purchase is still 
too new for a custom-ridden people ; while there is also some truth 
in the opinion that the Indian people have not yet felt that cruel 
grinding poverty which drove the working classes of Europe to 
organize stores on the Rochdale plan and which still prevents many 
of them from joining stores that insist on cash payment. 

Societies for co-operative sale have met with somewhat better 
success, but failures and set-backs are recorded from most provinces. 
The sale of the higher grades of cotton has been pushed at the 
instance of the Agricultural Departments which discovered that it 
was useless to induce the cultivators to sow better seed, or better 
varieties, if they could not get a higher price for the better lint. ■ 
Cotton auctions were organized with some success but from north 
to south came the tale of rings of middlemen combining to refuse 
to bid ; the big buyers refused to attend, the commission agents 
attended but preserved strict silence. It was in consequence 
of such experience that in the Punjab there was started a new type 
of co-operative sale society ; as the buyers would not come to the 
auctions, it was decided to invade the enemy’s camp and establish 
co-operative commission shops in the chief markets.. The scheme, 
took shape in the prosperous Chenab Colony at Lyallpur ; a shop 
was rented in the market and a society containing both individuals 
and societies as members was organized. The society members 
might be sale societies, but are mostly for ordinary credit, so that 
the members of the village bank secure the advantage of member- 
ship in the commission shop without joining^ as individuals. 
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Members takfe tlieir wlieat and other produce to their commission 
shop where they learn what the current market price is ; if there 
is a demand for immediate sale, the produce is sold on a commission 
basis ; if demand is slack, the produce can be stored and the cultiva- 
tor is allow'ed up to eighty per cent, of the estimated value on the 
security of the stobk, the balance being paid when the produce is 
sold. Here again, the obstacles were of an unexpected nature ; 
the agents and merchants, including the representatives of the 
big European exporting houses, boycotted the shop ; that was 
expected and surmounted ; but it vras found that the profits of the 
other agents in the market were not derived so much from com- 
mission sale as from a large money-lending business carried on with 
their clients under the guise of forward sales. The various com- 
mission agents advance large amounts to the cultivators on the 
promise that future years’ 2iroduce shall be sold through them ; 
this is attractive to the easy-going cultivators who seem unable to 
calculate the total loss suffered by them through the various charges 
for interest, weighing, commission, and a whole spries of mis- 
cellaneous items. The agents, for instance, charge for unloading 
and loading from carts, but they pay regular labourers for this and 
pocket the profits. Then a fruitful source of gain is short weighing ; 
although both co-operative commission shop and the market 
agents may offer the same price by w'eight, the former pays a 
considerably larger sum as it pays on fair weights. There appears 
to be hope of success for these shops, which are spreading and 
becoming more popular. 

Conditions vary so greatly throughout India and Burma 
that it is only to be expected that types of 'agricultural society 
should vary, too. In one province, Bihar and Oiissa, what are 
termed grain golas have achieved a considerable measure of 
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success. Each member^has to contribute a fixed quantity of rice 
per acre held for five years ; the idea is to store grain to fight famine 
and scarcity, and promote the habit of thrift. The grain stored 
may be lent out, in which case repayment is made in kmd ; it may 
be lent for seed or for household consumption. What is not 
immediately required is stored in mud houses with fire-proof roofs ; 
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portion of the material is provided by ClovernraeRt wliile the 
members undertake to give free labour. The idea appeals to 
simple people when the proposal to save money would fall upon 
deaf ears. 

In Madras, some success has been achieA'ed in the co-operative 
industrial sphere, by tlK; e,stabli.shment of co-opei»ative societies for 
rice-hulling, groundnut decorticvating, etc., but members still, appear 
to lack confidence in joint sale. In Bengal, this lack of confidence 
has unfortunately found support in the dishonesty of the manage- 
ment of one or’two sale societies, but a number of associations for 
the sale of members’ milk have attained satisfactory results and 
give ground for the hope that the milk supjrly of the large city 
of Calcutta can be organized on a co-operative ba,sis by tapping 
sources of supply outside the city. Already the societies provide 
a pure supply while securing for the producer a better price ; what 
this means will only be realized when it is understood that practi- 
cally all milk sold in India is adulterated, and that municipal regula- 
tions designed ' to prevent this have completely failed. Beigal 
possesses one of the most remarkable instances of success in co- 
operative sale in a society of ganja cultivators; the cultivation 
of this plant for production of the hemp drug is under the close 
control of the Excise Department ; the society is composed of the 
actual growers, and so has a monopoly of trading; the Excise 
Department fixes the sale price. The chief effect of the organiza- 
tion of the society has been to get rid of the middleman who used 
to treat the cultivators as he pleased, and to save for the members 
all the profits on the sale of the drug. These profits have proved 
to be very great and ‘they are being devoted to the moral and econo- 
mic uplift of the cultivators ; sanitation, medical aid? education, 
veterinary aid for cattle, improvement of roads, etc., are ail being 
paid for out of the surplus saved by co-oper%tiou, and’ the Kegistrar ’ 
is able to record a marked development in the sense of self-help 
and self-respect. Bengal, again, is experimenting with some 
interesting types of societies for providing irrigation facilities. 
The members show no reluctance to subscribe share capital for 
the construction of small irrigation works, wh?ch are proving 
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valuable investments in districts with precarious rainfall. In tbe 
Central Provinces tbe most successful effort, outside credit, bas 
been tbe seed unions whose main object is tbe supply of good 
pure seed to members ; these unions also sell agricultural 
implements. 

The Punjab b&, perhaps, tbe greatest variety amongst societies 
for tbe improvement of economic position of agriculturists. In 
that province a systematic survey has been made of the factors 
retarding prosperity, and societies have been designed to eliminate 
these. In addition to many societies of types already mentioned, the 
province had a number organized with -the object of diminishing 
the volume of litigation which is such a curse to the peasantry ; 
these arbitration societies were making satisfactory progress 
when they were all summarily closed down under orders of the 
Minister for Agriculture. Societies have been formed to own 
and work seed and demonstration farms, to improve cattle-breed- 
ing, to reclaim waste lands, to clear silt from the inundation canals, 
to improve sheep-breeding, and to provide night schools where the 
illiterate peasants can acquiie the elements of education which they 
neglected to obtain in their youth ; there is also a small land 
mortgage bank, but, perhaps the most interesting experiment is the 
formation of societies for the consolidation of scattered holdings. 
Fragmentation of the small holdings is a serious evil in the Punjab 
as elsewhere, and these societies are being formed amongst the 
owners in a village to encourage readjustment so that each owner 
may have his land in one or two compact blocks instead of in thirty 
or forty scattered throughout the village area. 

From the above it will be seen that India is reproducing types 
that have proved useful in other countries as well as starting types 
,of an original, kind. The Registrars and their staffs are constant 
students of the movement in other countries and endeavour to the 
limit of their ability to introduce whatever seems likely to yield 
good -results. The improvement of agriculture by the supply of 
better seeds, of better implements, by organizing special agricul- 
tural associations for discussion of new methods, etc., is accepted 
as the duty_of tlfe departments. Under the peculiar ckeumstanees 


AGRICULTURAL CO-OREBATIOH M IKDIA 


■% ■ ' 

of India, it is inevitable that so much should be in ’official hands. 
Rural leadership, where it exists, is of a modest and mther primitive 
type, but the co-operative movement is undoubtedly developing this 
into a powerful factor in the economic uplift of the masses of the 
people. ^ Already, results of note have been achieved ; men possessed 
of public spirit have^been encouraged to come, forward and work 
for their fellows ; others with leadership dormant within them have 
been given the opportunity to disclose their latent capacities ; 
in a movement so young it is unnecessary to make claims at this 
stage, but there are signs that the p?)or cultivators in more than one 
province are beginning to^ realize that through Co-operation there 
may be attained emancipation from debt and poverty, freedom 
from the crushing burden of an army of greedy usurers, liberty of 
choice in production and sale, a fair field, and a fair opportunity for 
the manhood that is in them. 
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In tlie “Rhodesian Agricultural Journal” for June 1910 
(Vol. VII, p. 1398), a new fodder grass was described as Zinyamunga 
or Napier’s fodder. It was referred to Pennisetum, and compared 
especially with. P. sficatum (P. typhoideil/m), the well known pearl 
millet. Last autumn specimens of the grass were received at Kew 
and later a chemical analysis of the stalks and leaves was sent by 
Mr. H. Godfrey Mundy, Agriculturist and Botanist of the Depart- 
ment of Agriculture, Salisbury, Rhodesia. 

The grass was easily identified as Pennisetum purpureum, 
Schum. (P. BentJiamii, Steud.), a species of very wide range in 
Tropical Africa ; but, common as it is, very little is known about 
its life-history and uses, and even its limits as a species and its 
differentiation into varieties is not settled. It will, therefore, be 
useful to gather in a brief account all that is at present ascertainable 
about the grass. 

Definition of the species. 

A tall perennial grass with a creeping rhizome {Barter). Ctclms 
erect, in tufts of up to twenty, usually 2-3 m., or occasionally up to 
7 m. high and 1 •2-2-5 cm. thick at the base, branched— particularly 
upwards— with the branches obliquely erect, terete, glabrous, 
smooth, excepting the uppermost internode, which is more or less 
hairy to tomentose in the upper part, the exserted parts sometimes 
covered with a glaucous bloom ; nodes mostly exserted from the 
sheaths, all glabrous or most of them or only the uppermost with a 
ring of stiff long adpressed hairs. Leaf-sheaths terete, clasping the 
stem, striate, usually glabrous and smooth or more or less pubescent 
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to hirsute with tubercle-based hairs near the top ; Ifyide a narrow 
rmi bearing a dense fringe of white hairs up to 2 or 3 mm. long ; 
blades linear, not or slightly attenuated at the base and inserted 
on the sheath with a very marked hinge-fold, very long, tapering 
upwards to, a fine point, 30-60 (rarely to 90) cm. long and up to 
2-5 cm. wide, with a 'strong midrib, rounded oi! the back with a 
shallow channel above towards the base, and in the larger leaves 
with SIX or seven slightly prominent primary nerves on each side, 
dull green, sometim.es slightly glaucous or faintly tinged with purple, 
more or less rough on both sides, glaucous beneath, usually more or 
less hairy above, particularly towards the base which sometimes 
becomes fringed, hairs fine, mostly rather stiff and long and often 
springing from small tubercles ; margins spinulously scabrid, the 
spmules sometimes very firm and sharp. Inflorescence an erect, 
dense, cylindric spike, from 8 to 20 and even 30 cm. long and r5-3 
cm. wide, usually yellow or tinged with brown, purple or quite 
blackish-purple, made up of deciduous spikelets or fascicles of 
spikelets, each, spikelet or fascicle surrounded by an involucre of 
numerous bristles of unequal length, most of them 5-8 mm. long, one 
usually very much longer (1-2-2 or exceptionally to 4 cm. long), 
scabrid, one or several of the innermost and longest sparingly 
plumose towards the base, rarely all naked, often dark yellow, 
brownish or purplish towards the tips or blackish-purple from the 
base. Spikelets sessile or if in fascicles of 2-4, the lateral pedicelled, 
all lanceolate, more or less acuminate, 5-7 mm. long, glabrous, 
straw-coloured or tinged with brown or purple towards the tips of the 


florets, rarely blackisji-purple all over, ^ or, if fascicled, the lateral 
c? , rarely neuter or all . Lower glume suppressed or quite 

rudimentary, upper ovate to ovate-lanceolate, acute, 0-5-1 (rarely 
to 2) mm. long, subhyaline, 1 -nerved or neryeless. tiower flord 6 ' 
or more often barren ; valve lanceolate, acute or acuminate, half as 
long to almost as long as the upper floret, more or less distinctly 
3-nerved, rarely 1- or 5-, or even 7-nerved ; palea linear-lanceokte, 
2-nerved, shorter than the valve or in the barren florets much 
reduced or suppressed. Upper floret (J or in the lateral spikelets cf ; 
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valve lanceola;fce, acuminate or rostrate-acuminate, very minutely 
scaberulous upwards, usually 6-nerved, nerves more or less prominent 
towards the tips ; palea narrow, linear-lanceolate, slightly shorter 
than the valve, tips minutely 2-toothed. Lodicuks 0. Anthers 
2'5-3 mm. long, tips very minutely penicillate. Styles united all 
along ; stigmas very slender, up to 4 mm. long, exserted from the 
tip of the floret. Grain unknown in the mature state; almost 
mature obovoid with a large orbicular hilum and an orbicular- 
elliptic scutellum. r 

As will be seen from the description, several of the characters, 
such as the amount of indumentuni, the 'number of spikelets in each 
partial inflorescence and their sex, the colour of the bristles of the 
involucre and the florets and the relative length of the glumes and 
valves and their nervation, vary within considerable limits. These 
variations appear to be independent of each other, and also to be 
unrelated to the geographical distribution. The most that can 
be said from the material at hand is that, on the whole, the nodes 
are usually bearded in specimens from the north-western and 
northern parts of the area, and usually glabrous in those from the 
south and south-east. But perfectly glabrous nodes — glabrous from 
the beginning— may be found along with bearded ones in the same 
plant, when it is generally the lower nodes which are glabrous. 
The hairs which form the beard of the nodes spring mostly from the 
top of the internode and cover the annular sheath-joint, which 
itself is glabrous. Their distribution around the joint is frequently 
unequal, and on the older nodes they finally rub off. The waxy 
bloom so distinct in some samples is mostly confined to the upper 
parts of the intemodes, but may also be seen on the backs of the 
blades and Sheaths although it is much fainter there. This character 
too is apparently unconnected with others and does not coincide 
with definite divisions of the area. The purple or bronzy colouring 
of the inflorescence is just as erratic ; but really dark spikes, blackish- 
purple all over, are rare. When the partial inflorescences are 
unispiculate, the spikelets are always bisexual with or without a 
male flower in the barren floret ; but where there are two or more 
spikelets in a fascicle, the tendency is towards a reduction of the 
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sexual organs in the outer spikelets, so that their upper'floret becomes 
male and the lower neuter or, in extreme cases, br^th are neuter. 
This reduction may or may not be accompanied by a slight increase 
in length and nervation of the valve of the lower floret and some- 
times also of the upper glume. Those fluctuations are generally 
found witKin the same inflorescence, the lower j^artial inflorescences 
being frequently 2-4 spiculate, whilst the upper are l-spiculate, 
or they may only become evident by comparing different s|)ecimens 
from the same gathering. They are probably due to varying 
conditions of nutrition either within or without the plant, or may 
be due to sporting tendencies, in which case they might be expected 
to run through many generations and constitute more or less 
constant races. To sporting or mutation I would also trace the 
apparently erratic variation in the length of the bristles of the 
involucre, and especially of the longest, and in the degree to which 
the inner bristles are plumose, a character which is never very 
marked in this species and may even completely fail. 

Considering the instability of all these characters it is clear 
that the discrimination of subordinate groups other than sports or 
mutations within P. f urpurmm in so far as it is based on them 
must result in the production of artificial divisions and can serve 
no useful purpose. I refrain therefore from subdividing the species 
or taking up Hackel’s varieties sambesiense, nudum and ternatum,^ 
and even doubt whether Leeke’s species P. flmicomum, P. prumosum 
and P. pallesoms^ can be maintained, as all the distinctive charac- 
ters which he adduces seem to come within the limits of fluctuation 
just described. Unfortunately Leeke omitted to quote the speci- 
mens on which he bases his species, nor does he give any indication 
of their habitats except in the most general terms, as East x4.frica or 
Togo ; but so far as they go, the species cited occur entirely within 
the area of P. purpureum. ' - 

As to the name P. purpureum, this wa*s given by Schumacher 
to a plant collected by Thonning on the Gold Coast in the latter 

' In (Schinz, Plantse MenyliarthyarifB in Denkschr, Ak, Wise. Wien, Voi. LXXVIII, 
p. 400. 

^ Leeke^ Abstamm, u. HeimaL d. NegerMrse, '^^, 45-47. % 
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part of the 18th century. A specimen from the same collector and 
answering exactly Thonning’s description came from Vahl’s herba- 
rium through Nolte to the British Museum, and it may be taken to 
constitute a cotype. Eendle^ has already pointed out that it is 
identical with Bentham’s P. macrostachyum,^ which, owing to there 
being already a B.’-^macrostachyum by Brongniart, was renamed P. 
BenthcCmii by Steudel,® a name until recently very commonly used 
for the grass which is the subject of this article. In fact, Bentham 
himself was quite aware of the probability of the identity of his and 
Schumacher’s species, but was "misled into describing the grass he 
had before him on account of the absence of the purple colouring 
insisted upon by Schumacher. We now know that no importance 
attaches to this as a taxonomic character. As to the other synonyms 
to be referred to P. purpureim, one P. nitens, Hack.* rests on 
Gymnothrix nitem, Anderss.,® and represents a robust yellow-spiked 
state, common in South East Africa, whilst the other P. flexispica,^ 
K.Sch., was based on East African specimens which happened to 
have a more slender and therefore more flexible rhachis. 



Distribution. 

The area of P. purptcreum lies between 10° N. Lat. and 20° S. Lat. 
The northern limit runs from Sierra Leone through the great equa- 
torial forest belt to the Cameroons and the basin of the Ubangi, 
then to the Nile (at 3° N. Lat.), Lake Victoria and German East 
Africa, where it reaches the coast in about 5° S. Lat. In the south 
the area is bounded by a line extending from Loanda in about 9° S. 
Lat. through Angola to Katanga and then across the Middle Zam- 
besi to Eastern Ehodesia, whence in about 20'° S. Lat. it strikes 
eastwards as far as Beira. Within this immense area it occurs 
mainly along Avatercourses and in marshy depressions, but also 
enters the bush and forest where open spaces afford sufficient 
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light. Under favourable conditions it forms o,vtensi,vo rood hmvfes 
as for instance in the delta of the Zambesi and along the Shire.” 
Even m forests rt is locally “ only too common,” as Wehvitsoh puts 
It. In the interior of Sierra Leone it ascends nearly to 900 m., and 
near its .jputhern limit in the Melsetter district of Rhodesia to 
1,800 m., whilst in the Cameroons it is said to reach even the upper 
limit of woods. It is in rich marshland where it attains to a height 
of 7 m and even more, whilst on drier soil, as in the savannas of 
Last Africa, its culms are hardly ,more than 2 m. high. It also 
appears occasionally on abandoned cultivated land and has, in a 
few cases, been observed ih a state of cultivation.^ 


Veenaoular names. 

^ It is not surprising that a grass of so wide a distribution and 
striking appearance should have special names in many of the 
native dialects of Africa. The following is a list, compiled from 
publications ^and collectors’ notes : — 

Togo . Ada ; Elephanten grass ’ of German colonists. 

Sovihern Nigeria: Esun funfim (Dodd); Esun (Millen) ; Esu 
pupu (MacGregor). 

Belgian Congo. Lower Congo : Madiadi (Laurent) ; Ubanzi 
District, Mokango : Songo Songo (Bouckenaert) ; Yakoma : Awors 
(quoted by De Wildeman). Bangala District, Nouvelle Anvers: 
Sosongo, Libwakanike (De Giorgi). Territory of Rusisi Kivu : 
Matete (quoted by De Wildeman) ; Baraka : Mabingobingo (Dohet). 
Katanga : Dilenge (Verdick). 

Angola : Mariango, Marianga, Marianko (Welwitsch, Buchner, 
Pogge), Massango (Welwitsch), Malenge-lenge, Malanga (quoted 
by Leeke), 

Madi : Maweengo-weengo (Gi;aut).^ .. 

Mbuhu, Nguhu (Holst). 

Rhodesia, Gutu : Zinyamunga (Kenny), marabagunda,* dumba- 
munga (Napier), miraba munga (Mundy). 


^Kaiser, Acc. to Just's Jahresber.f 1898, Vol. I, jl 561. 
♦M’ramba iiiunga in tlie report, reproduced on p.^544 
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Of the stems of the grass, Grant^ reports : “ The tall fences 
surrounding the residences of the Waganda King and people are of 
this useful reed; the interiors of all Waganda houses are walled 
into compartments by it. A strip from it is so sharp that it is used 
for cutting up meat, and also cutting into fragments the victims of 
the King of Uganda.” 

The first mention of P. piirpureum as a fodder grass is in 
Schinz, Pla'iitcB MenyharthiancB^r [1905), where the grass is stated 
to be good fodder for cattle. The note refers to an observation by 
Menyharth, a Hungarian missionary who from 1889 or 1890 to 
about 1894 collected in the neighbourhood of Boruma, not far 
from the Zambesi in the Eastern part of North-west Rhodesia. 



A remark to the same effect. Species bovibus nutrimentum maxime 
idoneum, by Leeke® (1907) rests on the authority of Herr Deistel, 
Government Gardener in the Cameroons, and Pilger in Engler, 
PJlanzenwelt Afrika^ (1908), describes it as one of the best fodder 
grasses. ■ 

Independently of those sources, Mr. E. G. Kenny, Native 
Commissioner, Gutu, and Col. Napier, of Springs, Bulawayo, called 
the attention of the Agricultural Department of Rhodesia to the 
value of the grass as a fodder plant.^ They firat noticed it about 
1908, “ growing in the Gutu district in native lands and being used, 
as the natives explained, as a muti, or mushonga, to make the other 
crops grow”. It was not growing wild there, and its origin was 
stated to be doubtful, but Mr. Swynnerton® states that it grows 
in the Melsetter district, about 80 miles sputh-west of Gutu. 
Col. Napier has experimented with it, and a short account of his 
experiences, including a chemical analysis of the grass by the 
Chemist of the.. Rhodesian Agricultui'al Department, was published 

^ ^ ' I , ■' 

"I Quoted by Oliver in Bot. Speke arid Grant Exped. in Tram. Linn. Boc., Voi. XXiX, 
p. 172. ; * 

hi D&nhohr. Ak. Wkn, Vol LXXVIIl, p. 400, 

^ Leeke, Abstamm, u. Heimat. d. Neaerhirse, d. 48. 
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in the Rhodesian Agricultural Journal” for 1909-1910, from 
which the following paragraphs are taken 

(p. 1398.) » Like pearl millet it is reported to be an extremely 

good drought resister, (p. 1399.) Col. Napier and Mr. Kenny 
both state that it remains green on dry land late into the autumn 
and withstands frost' to a remarkable degree* Col. Napier has 
tested It under most severe conditions and is firmly convinced of 
Its economic value. He has now several acres planted on vlei 
pound on the CJentral Estates, anchis hopeful that in spite of frost 

It will afford green feed late into the winter. Both cattle and horses 
eat it readily.* ^ , 

Like sugarcane the plant may be propagated either by sub- 
division of the roots or from cuttings or slips. ' It roots freely and is 
reported to pow lapidly after each cutting, thereby enhancing its 
value as a soiling crop. It seems probable therefore that in Napier’s 
fodder we have found a hardy perennial plant of considerable value 
for winter feed and suitable for planting on light dry soil. 

Chemical ANALYSIS. 


I he Agricultural Chemist of this Department has made the 
following analysis of a mature stalk of Napier’s fodder which arrived 
at the laboratories in a partially dried condition, showing that it is 
comparable in feeding value to maize stalk roughage : 


Water 

Etlier extract . . 

Protein . . , , 

Per cent. 

0*84 

3-10 

(Total nitrogen tjonverted to equivalent in protein.) 


Carbohydrates . . 

Ash .. y. 

■ 

i5-6f5 

. ^ 3*73 


100*00 

ibther extract with chlorophyll removed therefrom 

True protein 

0*57 


Col. Napr has lormed so high an opinion of this crop that it is certainly worth a trial in 
other parts of Southern Rhodesia, and through his co-operation this department is able to offer a 
limited number of roots f. o. r. Gwelo, under the usual terms of co-ojorative experiments. 
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Since tlieii another analysis was made from material grown 
on the Botanical Experiment Station,* Salisbury ; and this 
together with an analysis of sugarcane from the same station is 
reproduced below, with the permission of the Agricultural Depart- 
ment, Salisbury, Rhodesia. 

“ Composition'^ of sugarcane fodder {Sacciiarum qfficinarum) and 
Zinvamunga fodder (M’ramba munga or Napier’s fodder Setaria 
sp. or Pennisetum sp. ?) grown on the Botanical Experiment Station, 
Salisbury. , 

Particulars of 'planting, etc. 


The fodder had not been cut since planting 


Sxigarcane 

fodder 


Zinya.inimga 

fodder 


Etiier extract 


Protein (Nitrogen x 6*25) 


Carbohydrates 


Woodv fibre 


Communicated to Kew in December 1911 




Sample eor 

ANALYSIS 


i 

Time i^lanted 

Coliected 

Length of 
stalk in 
feet 

Length of 
leaf in 
feet 

Sugarcane . . . . 

January 1910 

July 1911 

2 

4 

Zinyamiinga . . . . 

March 1910 

ji »» 

! 


2 
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of juice expressed from stripped stalks by passage 

between the steel rollers of an ordinary flattening mill used for 

lolliiig out luetals was in eacli case as follows .* 


Juice expressed 


Sugarcane Zinyadiiunga 
sfcuiivs stalks 


Per cent. Per cent. 


The juice of Zmyamunga was tasteless and of low sugar 
content, whilst that of sugarcane was sweet and contained 6-69 per 
cent, sucrose (cane sugar) W 2-84 per cent, glucose.” 

_ No analyses of the ash were made at Salisbury, but this gap 
IS fortunately supplemented by Dr. N. Zeller,! of Victoria, Came’- 
roons, who considers the rotting grass as well as its ash a very 
valuable manure; and this may actually be the meaning of the 
statement of the Gutu natives that they plant it “to make the 
other crops grow”. According to him 100 kilogram of dried grass 
with a wate'r content of 10 per cent, contain 


1-3^^ kilogr. N corresponding to 6-5 kilogr. sulphate of ammonia. 
n.QQ ” ’’ chloride of potassium. 

0-07 ’’ OaO° ” ” ^ ^ ” ®"P®‘'riiosphate, 


Ihe best method of propagating the grass is probably by 
dividing the clumps or from cuttings. No mature seeds have 
come to hand so far. Searching the ample material of P. purpuremn 
at Kew I came across one grain only, and this ivas not quite mature. 
Whether this means that the grass actually seeds rarely, or whether 
It may be that the grains escaped the collectors owing to the extreme 
readiness with which the spikelets with their involtlcres detach 
themselves, I am unable to say. 


'■ Tropenpfl., Vol. XV (1911), p. 357. 




FIELD TRIALS WITH ARTIFICIAL FARMYARD MANURE. 

Exhaustive investigations have been carried out- at the 
Rothamsted Experimental Station by Richards and Hutchinson 
to perfect a process whereby straw could be converted into farmyard 
manure without the agency of live-stock. Mr. G. H. Garrad gives 
in “ The Agricultural Gazette and Modern Farming ” (Vol. XCVIII, 
p. 791) an account of the testing of this process on some stacks of 
straw under Ordinary farm conditions, and the subsequent utiliza- 
tion of the artificial farmyard manure. 

The stacks were built in the following manner : Straw was laid 
down to the depth of about one foot and on this was sprinkled 
powdered chalk, the straw then being sprayed with 'water until 
saturated. This was continued until the stack was ten feet high, 
when neutral sulphate of ammonia was applied on the top and 
well washed in until it had thoroughly penetrated the stack. 

In the course of a few days the temperature of the stack had 
risen, and after about three months the straw had broken down 
into a brown humus, very much like ordinary farmyard manure. 

The treatment of 32 tons of straw was carried out in June 
1922 on a farm in the Romney Marsh, and five months later the 
resulting artificial farmyard manure, and also, some bullock dung 
from the same farm, were analysed, the results being as follows : — 


- r- r ■ ■ 

Ailificiai farmyard 
manure 

.Bullock manure 

■ ' • ■■ ■ .. 

Per cent. 

Per cent. 

Nitrogen 

0-48 

0-37 

Phosphate (as tri-caicic). . 

OIG 

0‘27 

Potash 

0*27 

0-21 

Organic matter 

12-60 

11-10 


iT 
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J&ield trials were tlieii carried out witli oats to compare tire 
values of botli niaiiureSj ad just men ts being made so that equal 
quantities of nitrogen, phosphate and potash were given to each 
plot. 

The resulting yields of spring oats were : — 



Grain 

: 

Straw 


Qrs. 

bus. 

Cwt. 

Plot 1. Art. farmyard manure -f a rtifi:?iais . . 

0 

6 

36 1 

„ 2. "Art. farmyard manure only 

0 

2 

32 

„ 3. Bullock dung from manure heap 

5 

6 

314 

,, 4. Bough and dry Aung from yard 

4 

6 

32^ 

„ 5. Straw +artificials 

^ 1 

2 ! 

1 

284 


If the straw is not uniformly treated, patches will remain 
unrotted ; however, such straw can be thrown on the next stack 
and retreated. An improved method has recently been devised 
which, it is claimed, makes a more uniform product, at a lower 
cost than that described above. It has been found that 1 ton of 
straw will make about 3 tons of artificial farmyard manure, the 
cost of treatment being about 7s. per ton of rotted manure. 
[Int. Rev, ofSci. andPrac. ofAgn., K S., Vol. II, No. l.j 

THE STRUCTURE OF THE COTTON HAIR. 

Db. W. L. Balls has published in “ The Empire Cotton 
Growing Eeview ” (Vol. I, No. 2, April 1924) the lecture he delivered 
before Section K of the British Association at Liverpool upon 
the structure of the cotton hair, reproducing at the same time a 
number of the fine photographs taken at the Laboratory of the 
Fine Cotton Spinners’ and Doublers’ Association, .Rock Bank, 
Bollington, near Macclesfield, with which it ’ was illustrated. 
Dr. Balls gives a fascinating account, a^s little technical as the 
subject permits, of the extraordinary interesting conclusions as to 
the structure of the cotton hair, and therefore as to the structure 
of a fairly typical plant cell wall, reached as the result, in great 
part, of the long series of researches carried out in this laboratory 
by himself and his colleagues. »» 
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The cotton hair is a single epidermal cell ot tire cotton ovule, 
wliicli extends in length while still within the boll, for some 25-30 
days, and then for aboirt another 30 days thickens by successive 
deposits of cellulose, the daily rings of growth predicted and after- 
wards discovered by Balls, here beautifully illustrated by 
photographs both dt crushed and sectional hairs. When the boll 
opens, the hair collapses as it dries into a long flattened tube, with 
many spiral convolutions frequently reversing in direction along 
its length. Dr. Balls has now shpwn that these are to be associated 
with the longitudinal “ pit ” spirals, also reversing" at intervals, 
which are found accurately superposed in "every successive layer of 
wall thickening, so that the ultimate structural unit of the wall 
would seem to be one of these spiral fibrils, whilst the position of 
this in the wall in every layer would seem to be predetermined 
in some way by the structure of the original wall of the unthickened 
hair. This spiral pattern has, however, not yet revealed itself 
in this original wall, although by special treatment Dr. Balls has 
demonstrated a twinned, slower “ slip ” spiral, so called because it 
coincides in angle with, the cleavage surfaces developed in the hair 
under stress. The “ pit ” spirals are so named because the long 
axis of the oval pits in the cell wall coincides with the pitch of this 
more rapid spiral, so that the pits seem to arise by partial divergence 
from one another of two contiguous spirals (a divergence which is 
repeated through successive daily layers of wall). It is very sugges- 
tive that there are, in a single adult hair, in the neighbourhood of 
thirty complete reversals of the “pit” spiral, a hint, as Dr. Balls 
remarks, that each reversal may represent a day’s growth in length, 
though an intriguing footnote states that further research has 
shown this ‘tguess to, be largely wrong, but the true story even 
more interesting”. 

Some day the structural unit, the spiral running fibril, has to 
be associated with one of the main chemical units concerned, the 
cellulose molecule. It is extremely suggestive that the pit spiral 
and slip spiral structures have largely been elucidated with the aid 
of polarised light, and that the optical axis of the wall is determined 
by the direction of the pit spiral, so that the chemical molecules are 
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presumably definitely orientated in the pit spiral. One extra- 
ordinarily important biological and technical resultb that emerges 
IS that Structurally the cotton hair wall is a wonderfully organized 
sponge, in which a relatively dense cellulose framework provides 
an enormous surface and is interpenetrated in nature presumably 
by an aqueous medium in which important dil5usion, adsorption, 
and chemical processes are proceeding. [Nature, No. 2851.] 

VITAMINS, SUCCULENCE, AND PRICKLY PEAR, 

In a vigorously written Bulletin, Eeprint 43, 1923, of the 
South African Department of Agriculture, Mr. A. Stead, Senior 
Chemist, Division of Chemistry, connects the above three factors, 
on grounds rather of interpretation of the community’s experience 
than of experiment. Pointing out the value of succulent fodder 
to cattle, he concludes that this is due to its content of vitamin A, 
and then deduces from the healthy cattle (and human population) 
carried by the Karroo, in spite of the absence of grass, that such 
plants as prickly pear and the American aloe, Agava Americana, 
must be storehouses of vitamin A. Hence follows a vigorous plea 
to regard the prickly pear in another light than as South Africa’s 
Avidespread pest, and the experience of representative farmers is 
cited for its value as cattle food when pulped, whilst where brush- 
wood abounds, the spines can be dealt with by singeing over a brush- 
wood fire. [Nature, No. 2846.] 

SISAL HEJttP PRODUCTION IN THE EMPIRE. 

Sisal hemp is chiefly produced in Mexico, where .the annual 
output is about 150,000 tons. More than nine-tenths of this goes 
to the United States, where it is employed for the m'anufacture of ' 
the binder twine used in harvesting the immense grain crops of the 
Western States, the demand for binder twine for this purpose 
amounting to about 200,000,000 lb. annually. It is obvious, 
therefore, that European buyers must look to countries other 
than Mexico for adequate supplies of the fibre, * 
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A useful i-esume of tlie present position of sisal liemp cultivation 
in tlie Britisli' Empire is given in tlie current (July 1924) issue of 
tlie “ Bulletin of tlie Imperial Institute,” just published by Mr. John 
Murray. East African sisal, produced in Tanganyika and Kenya 
Colonv, is of excellent quality and large quantities come to the 
British market, where it realizes prices higher^than those of Mexican 
sisal. The Bahamas also grow the fibre on a fairly extensive scale, 
but the whole of their output is taken by the United States. No 
other country in the Empire is at present producing large quantities 
of the fibre, but commercial supplies may be expected in the near 
future from Ceylon, Nyasaland, Cold Coast, Mauritius and Jamaica. 
Several other regions are well adapted to the crop and have extensive 
areas available for cultivation. 




PERSONAL NOTES, APPOINTMENTS AND TRANSFERS 
MEETINGS AND CONFERENCES, ETC. 


Dr. Harold H. Mahn, D.Sc., Director of Agriculture, Bombay, 
has been allowed by the High Commissioner for India an extension 
of leave for 14 days. 

, * ^ 

* * 

Rao Saheb T. S. Venkatram-LN, B.A., Government Sugar- 
cane Expert, Coimbatore, has been granted leave for 6 weeks from 
or after 23rd June, 1924. 

* 

Mr. N. S. Kolandaswami Pillai, Deputy Director of Agri- 
culture, Filth Circle, Madras, has been reverted as Assistant 
Director of Agriculture from ISth July, 1924, but continues in 
charge of the Fifth Circle. 

*** 

Mr. F. H. Vick, Agricultural Engineer to Government, United 
Provinces, has been granted an extension of leave for 3 
mouths. 


❖ Hs 

Mr. D. P. Johnston, A.R.C.Sc.L, Deputy Director of Agri- 
culture, Lyallpur, has been granted leave on average pay for 
1 month from 23rd June, 1924. 



Mr. T. F. Quirke, M.R.C.V.S., Chief Superintendent, Civil 
Veterinary Department, Punjab, has been' granted leave on 
average pay for 8 months from 1st April, 1924, Mr. R. Branford" 
officiating. 

^ * 

Mr. T. J. Eoan, M.R.C.V.S., has been appointed to officiate as 
Superintendent, Government Cattle Farm, Hissar, Mr. R. 
Branford on other duty. ■* 
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On retura from Ms deputation to England, Me. Kaeam Blahi 
took over charge as Professor of Parasitology at the Punjab Veteri- 
nary College on 31st May, 1924. 

* 

❖ 

ShiJUT Lakhijswae Baethakue has been appointed Special 
Officer to make preliminary enquiries in connection with the improve- 
ment of cattle-breeding in Assam for a period of 6 months from 
1st July, 1924. 




Butteraies oj I„aia._By 0. B. Ahibam. Pages ivi + 226, 418 

iguxes + 2 plates. [Calcutta. May 1924 ; Thacker, Spick & 

Co.] Price, Rs. 30. ^ 

Aocobding to the author’s preface, ''the chief object of this 
work has been to show an illustration of every species described. . . 
with a view to .... identification of the different forms,” and, 
so far as it goes, this book will assist the beginner to give names 
to most of his captures, as the figures are good and well-produced, 
and the descriptions, albeit brief, bring out the salient characters 
of the species dealt with. 

. Su-tterflies have long been favourites of amateur entomologists 
in India and dhring the last century masses of descriptions, illustra- 
tions and notes^ on these insects have been published, but a large 
proportion of this literature is scattered throughout various scientific 
periodicals and hence inaccessible to the amateur. An unfortunate 
fate seems to have do^d every attempt to produce hitherto any 
complete book on Indian Butterflies. Three volumes were issued 
by Marshall and de Niceville before the death of the latter. Moore 
did noUive to see the completion of his great work "Lepidoptera 
Indica, which was carried to its conclusion by Swinhoe ; this is the 
only reasonably complete work on Indian Butterflies, in ten volumes, 
with coloured figures of all the species, but, as the complete work 
costs about £80, it is beyond the reach of most collectors'* Bingham 
died after issuing two volumes in the Fauna of British India senes ' 
and, after a lapse of about twenty years, two more volumes, to 
complete the series, are now in preparation. Young conunenced a 
series of papers on common butterflies in the Bombay Natural 
History Society’s Jownal, but this also was interrupted by his 
death ; this series was recommenced by Bell and is.,stiil continuing. 

( 653 ) 
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All of these publications are now practically unobtainable and 
hence there is a distinct gap which Mr. Antram’s book will do 
something to fill, so far ass it goes. It does not, liowever, go far 
enough. From the title the prospective purchaser assumes that it 
deals with all the Indian Butterflies, but this is very far from being 
the case as we find only 512 species enuinfirated out of a total of 
thrice as many, the two large Families of the “ Blues ” and the 
“ Skippers ” being wholly omitted. The term “ India ” is also 
used in a restricted sense to explude Burma and Ceylon. 

A decided improvement would have been the inclusion of keys 
to the Families and Genera. As it is, dhe collector who wishes to 
name his captures has to plough thiough the book until he hits on a 
Figure which seems appropriate. To the advanced student, who 
can generally tell at least approximately the relationships of his 



specimen, this matters less, but to the beginner, for whom this book 
appears to be intended, the absence of any indication of where to 
look entails a good deal of unnecessary trouble. 

As the author states that he has been collecting- butterflies in 
India for over twenty years, it is a pity that he has not found occa- 
sion or space to give his readers any observations on the habits of the 
species dealt with. Another notable omission is any reference to the 
caterpillars except extremely occasional and brief notices of food- 
plants. Many butterflies are most easily obtained as caterpillars 
and reared out, whilst observation of their habits and structure 
during their early stages gives an added interest to specimens so 
obtained. 

A few minor errors require correction, e.g., Lantana for 
“ Lanterna ” on p. 5. Papilio sikkimemis (not sikkimensis as here 
written, p.^lO) is of, course only a form of the European P. machaon, 
which occurs from the North-West Frontier to North Burma. 
Parnassius jacquimaMi is mis-written on pages 35, 213, 222 for 
jacquemonti, the name being derived from that of the author of the 
well-known “Voyage dans T Inde, 1828-32”. Pieris hmssiccb 
(p. 46) occurs commonly in North Bihar in the Spring and this year 
it was abundant at Shillong, where it seems to be a recent immigrant. 
In figure 103 the sex signs required to be transposed. Lelhe ymm 
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(p. 95), in tlie form ijamoides, wMch is not mentioned in this book, 
occurs in the Khasi Hills not uncommonly. '« 

To those Avho have not access to the “ Fauna ” volumes or 
Lepidoptera Indica,” this book will doubtless be useful, so far as 
it goes. It is compact and of a handy size to carry about when on 
collecting trips. [T. F.] 
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SOME COMMON INDIAN BIRDS. 

■% 

No. .30. THE ROSE-RINGED PAROQUET {PSITTACULA 
'TORQUATA). 


P.Y 

T. BAINBRIGGE FLETCHER, R.N.. P.L.S., F.E.S., F.Z.S., 
Imperial Entomologist ; 

" " AND 

C. M. INGLTS, M.B.O.U., F.E.S., F.Z.S., 

Curator, Natural History Museum, Da.rjiling. 

The great family of the Parrots is so \Yidely distributed througli- 
out tbe Tropical Regions of the World and is composed of so 
many different species that it is difficult to say why the Indian list 
of indigenous forms should be so scanty, only a dozen species, 
represented by nineteen sub-species, being known to occur. But 
perhaps it is well that we have no more ; for, as Dewar remarks, 
“ the green parrot is one of those good things of which ifv is possible 
to have too much.” 

Parrots are sharply distinguished fronj all .other classes of 
Birds by several anatomical peculiarities in their vertebrse, feet, 
and other parts, into which we need not enter here. Most Indian 
Parrots are easily recognizable as such, their most obvious characters 
being the short, stout, strongly-hooked bill, thick fleshy tongue, 
movable upper mandible, climbing habits, and (ifi mo,st species) 

(5571 , ^ 1 
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Rose-rinfted Paroquets attaeking wiki fruits. 


Wherever it occuis, however, in its wild state the Rose-iinged 
Paroquet is an unmitigated nuisance, as its diet is wholly vegetarian 
and it feeds largely on cultivated grains and fruits. When a large 
flock descends on''a ripening crop oijtwiT (sorghum) or similar cereal, 




KUKii-EINGED PAEOQUET 

a gieat deul oI (lainage is doiu!, .some Ity tlio 
eaten, but far more hj the extremelj wasteful m 
of this birdt which often breaks off a whole 


Sugarcane damaged by parrots in Assam (From n photogr4iph by 


selects one or two grains, throws away the rest, 
aiiotlier head which is treated in the same way* 
fipe, these birds soon find them out and play 
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WTien no cultivated fruits or crops are in season, the food 
consists of wild fruits (wild figs, ZizypJms, etc.) and seeds. The 
late Mr. C. W. Mason examined fifty-thiee birds at Pusa and 
Mr. D’Abreu three more at Nagpur, and in all cases the stomach* 
contents consisted entirely of vegetable matter — mustard, wheat, 
maize, paddy, litbhi and wild fruits, and seeds of Dalbergia sissu. 
When the silk-cotton trees are in flower in February these parrots 
are amongst the crowd of birds which congregate to imbibe the 
nectar. We have not yet had any complaints of its attacking 
sugarcane but, with the increasing cultivation of this crop in Bihar, 
it will perhaps discover that it is edible- and attack it in the same 
way as another Parrot has damaged sugarcane in Assam, by gnawing 
large holes in the stems. 

The Rose-ringed Paroquet does not deserve, nor has it been 
afforded, any protection under the Wild Animals Protection Act : 
on the contrary, its destruction should be encouraged and, if this 
could be done by exempting the export of its plumage from the 
present Customs restrictions, or in any other way, it -would be all 
to the benefit of the cultivator who is practically powerless at 
present to prevent the immense damage done to his crops by this 
destructive bird. 

It must be admitted, however, that from a purely aesthetic and 
non-utilitarian view-point tlie Rose'-ringed Paroquet is a decidedly 
handsome and attractive bird when seen under natural conditions 
flashing through the sunshine or climbing over a tree in search of 
food, and, in places where its numbers are but small, its brilliant 
hues, delicate outlines and dainty ways provide a perennial source 
of joy to the bird lover. But in country districts, where it is only 
too abundant, its destructive habits and shrill harsh screams very 
quickly nullif}' such feelings of admiration. 

As a cage-bird the Rose-ringed Paroquet is a favourite all 
over India, and thousands of young birds must be taken every year 
from their nests and doomed to pass the remainder of their existence 
within prison bars, although unfortunately this annual toll seems 
to make little difference to the total numbers which exist to ravage 
the farmer’s crops. As its powerful beak soon secures' its escape 
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from a wooden cage, this bird is usually kept in a small dome- 
shaped cage made of hoop-iron, with a sheet-iron floor, Avhich must 
get uncomfortably like an oven in the hot weatlier. With a little 
instruction, this parrot often, becomes a good talker, and it can also 
be taught to perform tricks. Imckwood Kipling tells of one that 
he used to see in the streets of l^ild “ that went lliro ugh gymnastic.' 
and military exercises, whirling a tiny torch lighted at each end, 
loading and firing a small cannon, lying dead and coming to life 
again ; all done with a comic air of eagei'iiess and enjoyment whicli 
it seemed hard* to impute to mere hunger for the morsels that 
rewarded each trick.” 

The Kose-ringed Paroquet breeds in January and February in 
Southern India, from March to May further jS%'th. No regular- 
nest is made but the eggs are laid in a branch of a tree, occasionally 
in a wall. If a suitable hole is already available, the birds appro- 
priate it, and couples may often be seen, at Pusa about the end of 
February every year, inspecting eligible sites, which by that time 
are often ccgripied by Hoopoes. If no acceptable hole can be 
found, the birds may excavate one for themselves and Colonel 
Butler noted a pair at Deesa which were at work clearing out the 
hole, in which the eggs were subsequently deposited, for at least 
three months before the eggs were laid. A fini.shed hole, either 
acquired or excavated either wholly or in part, is generally about 
two inches in diameter, and goes straight into the trunk for two 
to four inches and then turns downward for a distance of six inches 
to three feet, the lower portion being expanded into an egg-chamber 
which is four or five inches in diameter. • Should a natural hollow 
in the tree be utilized or cut into, the chamber may be much larger. 

The entrance-hole is cut either into the trunk of a trpe or into a 
large bough ; in the latter case it is often placed on the lower side 
of the bough. No lining is provided, the eggs being’laid on a few ' • 

chips of wood at the bottom of the, hole. The usual number of eggs 
is four but as many as six are found at times. The egg is^pure 
white, wdthout any gloss, usually in shape a moderately broad oval, , 


considerably pointed towards one end, and measures about 30 by 24 
millimetres. • 





DAIRY EDUCATTON IN DENMARK.* 


liY 

N. KJAERGAAED JENSEN, 

Professor in Dxiirying, Royal Veterinary and AgricuUimd High College, 

^ Copenhagen. 

When speaking abdiit dairy education in Denmark, one must 
unavoidably divide it into two parts — first, tlie low (inferior or 
junior) education, whose object is to provide the dairy industry 
vdth dairy managers, practical dammien, and second, the high, 
(superior or senior) education, which prepares lecturers for dairy 
colleges, graduates in dairying, etc. 

The low education can again be subdivided into practical and. 
theoretical education. 

The practical education has been for many years entirely 
free and planless. A dairy coirld keep as many apprentices as it 
chose to and at the same time the period of apprenticeship was 
not fixed, nor was it obligatory for the apprentice to learrr or the 
instructor to teach butter and cheese-making as well as other 
dairy work in a specially stipulated period. 

The planlessness of such edircation drew the attention of 
the dairy circles, and the Dairish Dairymen’s Associatioir (Associa- 
tioir of the Dairy Managers) decided to have this position improved. 
In 1910, the Board of the Association took thefinitiatiye into its own 
hands aird worked, out a scheme proposing a four years’ period for; 
apprenticeship. The scheme was accepted and approved, but at 
first it continued to be only Voluntary whether the apprentice 
wished to learrr irnder the supervision of the Association of not ; 
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from 1918, llo^¥ever, tie four years’ apprenticeship became 
compuleory. ^ 

The rules for such education for the teacher are the following : 
Each member of the Danish Dairymen’s Association undertakes 
to hxstruct an apprentice in all dairy work as thoroughly as possible 
and instruct him ako in accountancy and recording of the dairying 
operations. The instructor is also obliged to have literature on 
dairy industry which is to be kept at apprentice’s disposal. 

The programme for ajxprenticeship stipulates the period of such 
to be four years. During the fiiht year all kinds of dairy work are to 
be gone through. After that comes a ^ year of learning butter- 
making, followed by another year for cheese-making and then the 
last year in which the apiirentice learns some engineering — 
machinery, engines, heating, etc. 

It is not necessary for the apprentice to go through the four 
years’ work in the order mentioned above, but it is absolutely 
compulsory that a whole year is spent in learning each of the four 
subjects named. The apprenticeship must be done in at least two 
and not more than three different first class dairies. The last three 
years the apprentice must keep the dairy accounts as well as record 
all milk and products through all operations. 

At the end of the foiuhh year the young dairyman receives 
a “ certificate of apprenticeship ” signed by the Board of the 
Association. 

As already mentioned, before 19L8 every dairy had the right 
to keep as many apprentices as it chose, but from that year it 
was agreed ujron between all the dairy organizations that the 
number of apprentices at each dairy had to be limited to a certain 
point in proportion to experienced dairymen, so as to ensure that 
at any time giveh alF dairies have a sufficient staff of experienced 
dairymen to conduct and supervise the work of the dairy. 

The theoretic education began in 1889, when the now deceased 
President of the Ladelund Agricultural College, Mr. Mels Pederson, 
founded the College of Dairy Education by opening a five mouths’ 
'course fox futiu'c dairymen for theoretic education solel}'. The 
programme of tlnf coiu’se comprised chiefly : chemistry, jxhysics, 
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treatmeixt ot domestic aoimals, machinery and instruction in 
damymg. Iks five months’ course for dairymen was continued 
paiallel with the agricultural course till 1910 when the Dairv 
Associations inteiwened owing to the rapid development of ‘the 
doairv industry. 1 hey approached the two existing colleges 

with a suggestion timt a more thorough sy.^em of education 
was required, and it was agreed to have the period of traiiniio- 
extended to eight months, namely, from 1st September to the end of 
April. This arrangement ivas brought into effect in both collecres 
from 1st September, 1910, and has continued to the present day. 
It was also decided to put The system of education in both colleges 
on an equal footing and have the students examined on every subject 
once a year by a body of examiners representing both colleges. The 
students in these colleges are instructed in theoretical andVactical 
chemistry and bactenology, physics, treatment of domestic animals, 
machinery, commercial calculations, and accountancy; also atten- 
tion is given to writing, arithmetic, drawing and gymnastics. 

The working day in such a college is arranged as follows ; 
lectures from 8 a.m. to ijoon with 10 minutes’ recreation between 
each lecture , fiom noon to 2 p.ui. is allowed for dinner and recrea- 
tion, and the lectures are continued from 2 to 0 p.m. In the evening 
the students must read and prepare thenrselves for the next day. 
Ihey are enrolled to attend at every lecture and should something 
prevent a student from doing so, an instructor or the director of the ' 
college has to be informed of the cause. 


The advanced education. 

Up to the year 1904 all students who desired to become lecturers 
or graduates in dairying received the same theoryticirl education 
as an agricultural student at the Eoyal Veterinary and Agricultural 
High College in Copenhagen. The syllabus, comprised : chemistry, * 
physics, geology, botany, zoology, anatomy, mensuration and 
levelling, drawing, mathematics, cultivation of plants, horse-breeding, 
treatment of domestic animals, dairying and agricultural book- 
keeping, general agriculture as well as agricultural chemistry. 
The normal course continued about twenty inoifths and finished 


566 AGRICULTURAL JOURNAL OP INDIA [XIX, Vt. 

with two examinations. The first examination (covered general 
education and took place after about nine months’ attendance ; tlie 
second examination was devoted to the remaining subjects and was 
held at the end of the course. 

,On 1st September, 1904, a supplementary course for agricul- 
tural students willing to graduate in dairying was founded. To 
attend this course it was obligatory for the student to possess 
sufficient knowledge of German and English to enable him to read 
books written in these languages. 

Before being admitted to the examination following the last 
course, the student has to pass first the agricultural examination, 
as well as show evidence of high, chaiacter. The period for this 
course is also twenty months and includes the following subjects : 
pliysiology, agricultural chemistry, pathology, treatmentffif domes- 
tic animals, bacteriology, country law, political economy, practical 
work in chemistry and bacteriology, and drawing. The course is 
followed by an examination. 

But the Dairy Associations were not entirely ^satisfied with 
the arrangement that a dairy student , was obliged to follow a 
training in agricultme before beginning his special studies in dairying. 
Necessary steps were undertaken by the Danish Co-operative 
Dairy Association to have the above arrangement altered. The 
Royal Veterinary and Agricultural High College in Copenhagen 
immediately declared itself willing to support the Association. The 
position was considered and new rules were issued to coimnence 
from 1st September, 1921. 

The new course spreads itself over two to three years. 
Hou^ever, before 2 )Rssing the examination the student must go 
through a practical education which is to be appro\ud of by the 
Royal Veterinary and Agricultural High College. This practical 
^ work is expected^ to t^ke at least four years after the student has 
reached the age of 15, or three years after he has attained his 17th 
year. 

Tire period of education is divided into two parts ; the first 
continues for eighteen months and the following subjects are studied : 
physics, meteorology, chemistry, geology, botany, microbiology, 
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laws of heredity, zoology, anatomy oi domestic animals and 
ph}- siolog\ , political economy, agricultural clieinistry, practical 
work in physics, chemistry and bacteriology, and drawing. 'I'Jie 
second part continues for about eighteen months, and deals with the 
treatment of animals, management of the dairying industry, dairy 
chemistry and bacteriology, also agricultural geography, general 
agriculture, patliology and practical work in machinery, house- 
building, general agriculture, agricultural chemistry, dairy chemistrj' 
and dairy bacteriology. 

The first’ graduate in dairying educated under the new rules 
completed his studies on the 1st of May, 1924. 

Before closing this short contribution it must be mentioned 
that also in the Copenhagen Polytechnicum, students studying to be 
factory engineers go through a course of dairying under the guidance 
of Professor Orla-Jensen, Ph.D. 



THE CONTROL OF COTTON PESTS LN NORTH 

INDIA.'" 


BY 

P. B. RICHARDS, A.R.C.S., F.E.S., 

Entonwlogist to Government, United Provinces, 

■ f* 

It is unnecessary to labour tlie importance of the Indian 
cotton-growing industry, either to the welfare and wealth of India 
itself, or as a factor in world economics. Everyone knows how 
essential it is that cotton should be produced in India to satisfy the 
requirements of the mill and home spinning industries for clothing 
the millions of this country ; it is common knowledge to most of us 
that the world’s markets are hungry for more cottoir!. and that 
world-wide efforts to find new fields of supply are being made ; and 
it may have been noted that a demand for Indian-growm cotton is 
arising in the English market. The increase in quantity and 
quality of the Indian* cotton crop is thus of paramount importance 
to the producer, consumer, industrialist and economist alike. 

Improved methods of cultivation, iinpioved varieties, and 
increase of area are the more obvious means of increasing the 
supply ; but to those who have given no attention to the effect of 
insect attack upon the yield of cotton, it may be a surprise to hear 
that the control of insect pests would be equivalent to increasing the 
total area by ,30 to 50^ per cent. In other words, the soil already 
under cotton cultivation produces annually one-third to one-half 
more cotton thail ever finds its way to the looms. Instead, it serves 
to feed a horde of insects. 

The insects vhich attack the cotton idant are numerous and 
diverse. Among them are species of gr'asshoppers, white ants, bugs, 
heetles, butterflies, and moths ; they eat the roots, stems, leaves, 

’ ^ ' " " ■'»' 
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flowers, seed and lint, suck tie- sap, and abstract the contents ol' 
the seeds ; and they , vary in si2e from minute bugs of a twentieth of 
sm inch in length to ponderous beetles of an inch and a’ Iialf. 
h ortunately all are not equally numerous and rapacious. The 
bulk of them may be regarded as of very minor importance, and. 
so far as the North of India is concerned, the feally bad offenders 
may be said to be two, both the larvm of moths. These larvai ar(‘ 

commonly known as the Spotted Boll-worm and the Pink Boll- 

■ worm. 

The Spotted Boir-worms (Plate XVII) are the caterpillars of 
three species of J^arias* a^geniis of the family Noctuidu!. The first 
Spotted Boll -worms appear in the cotton fields when the seedlings are 
young, and damage the plants by boring into the stem, thus killing 
the main shoot. Later they attack the flower-buds, flowers, and 
young bolls, completely eating out the contents of buds and bolls, 
leaving the empty shells, and wandering over the plant 411 search of 
fresh supplies, each individual thus destroying many potential bolls 
during the-tfiree weeks or so which it takes to reach the full-fed 
condition prior to pupating. At this time it is a fat, thick-set 
caterpillar of a dull grey colour, dotted all over the dorsal surface 
wflth irregular brown dots, and measuring about two-thirds of an 
inch. It comes out of its last boll, spins a canoe-shaped cocoon of 
brown silk concealed among dead leaves or flowers, pupates, and 
within a fortnight the moth emerges. Descriptions of the adults 
may be found in Lefroy’s “ Indian Insect Life ” or Fletcher’s 
“ South Indian Insects.” They are nocturnal, and are not much 
attracted to light or o%r traps, so it is not possible to deal with 
them in the adult” condition. The fertilized ’female lays very 
beautiful small blue eggs, singly, on the leaves and Jjracts of the 
cotton plant, from which emerge a new' generation’ of caterpillars to 
continue the mischief. ^ ' 

The fecundity is t?onsiclera^, and the rate of generation 
rapid. One female lays sixty to eighty eggs, and in four weeks or 
so a generation is complete.' It thus seems that as the caterpillars 

* iHarias fabia» Stoll; SJJ insulma, Bohd,;M.cu^reavir^^i^^^^ 




570 AGRICULTURAL JOURNAL OP INDIA [XIX, VI. 

can tlieoretically increase in powers of 30 every four weeks, and^eacli 
caterpillar can destroy several small bolls or 'bnp or two large ones, 
there N'vould not be sufficient bolls produced to satisfy the demands 
of the third or fourth generation. Fortunately Nature does not 
work in this way- -the theoretical rate of increase is not maintained 
for any length of time unless under very ejfceptional conditions. 
Various natural controlling factors operate to check the rate of 
increase in normal seasons. A little further enquiry into the 
habits of the Spotted Boll-worm rvill show how some of these work. 

The larva, when it emerges froni the egg, is a ntinute creature 
about one;-tenth of an inch long with a slewder, bristly body. It will 
be remembered that the eggs are laid singly on the leaves and bracts. 
In most varieties of cotton the leaves are hairy. Many of the young 
caterpillars appear to obtain their first food from the tissues of 
the leaf on which they were hatched. Now, if the leaves are densely 
pubescent, tjiis is a matter of difficulty, as the caterpillars are not 
easily able to reach the epidermis. Tire leaf tissue does not in 
any event satisfy the insect long. After a small feed__ jt proceeds 
to seek a bud or boll into which it may Ijiurrow. Here again its 
progress is much hampered by the hairs of the leaf, .i considerable 
number of the caterpillars thus fail to arrive at a bud or boll at all, 
especially in hot sun or during rain. The more successful individuals 
which do succeed in reaching a bud or boll eat their wmy into the 
centre of it, making a round entrance hole which remains open, and 
out of which may frecpiently be seen protruding a cpiantity of yellow 
or brown frass. During the early days of tire insect’s existence, it 
usually selects buds in preference to larger bglls. Having completely 
eaten up the contents of one, it comes out and 'wrandeis in search 
of further food- 

Finally the caterpillars of the later generations tunnel their 
way into well-developed^ bolls, eat the seeds, sometimes of the 
whole boll but more frequently of’mre or tiVa of the loculi, and fill 
the cavity with a mass of brownish excrement. The destruction 
^of the seed, of course, involves the lint. It is probably in such 
larger bolls that the damage done is of greatest importance to yield 
and quality. ^ 
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During its peregrinations tlie caterpillar is, of course, exposed 
to attack by insect-eating birds, and predaceous and parasitic insects. 
Moreover, tlie younger attacked bolls readily fall from the |)lant. 
and many caterpillars, especially during wind or heavy rain, fall to 
the ground ^within the bolls. If there be standiug 'water in the 
field, most of such caterpillars are drowned, •riiis often affords 
a very effective check, wiping out a considerable proportion of the 


An appreciable natui'al check is^hat of parasitic hh'menoptera. 
species of which lay e^s on the caterpillar from which 

emerge grubs which slowly, consume its body. These parasites do 
not appear to be sufficient in themselves to keep tlie pest in check. 
So far as I know, jio accurate determination of their effectiveness 
has been attempted, but it is estimated ’to be about 10 per cent. It 
is probable that, under optimum conditions, it will prove to be 
considerably higher in certain areas. It is, at the leash a useful 
helper in the good work. 

There is, another probable check of which at present we* know 
very little. Many Spotted Boll-woims *are often found dead within 
the bolls. This is especially the case after a period of damp weather, 
and it is inferred that fungi or bacteria are responsible. It should 
be remembered, in this connection, that the large hole made in the 
boll wall on entry remains open, and that water, fungus spores, and 
bacteria can thus readily enter the boll. There is here, perhaps, a, 
fruitful field for investigation and experiment ; but the artificial 
induction of an epidemic among healthy insects is a difficult and 
uncertain matter, involving expert technique and wide-spread 
spraying operations,’ and generally limited in e:ftectiveness by the 
climatic factor. 

As to the actual loss of crop resulting frorn Spotted Boll-worm 
attack, I have no figures of my own ; nor do I know’of any critical ’ 
experimental data. In thfe Uiiited^^ovinces, so far as experience 
goes, I do not estimate it at more than six or seven per cent.— say, 
an anna in the rupee— but that is practically a guess-work figure 
based on observations of attack of the larger bolls. It does not 
take into consideration, among other possible effe«ts, tire retarding 
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of giwvth flue to the original attack on the shoots of seedlings, the 
loss of cotton *froni the young bolls, the floweivs, and the buds which 
are 17'equently destroyed in considerable number, or the effect upon 
lint production in partly consumed bolls. It is hoped that data will 
lie forthcoming sliortly which may help to determine the absolute 
damage and the illative importance of this pest in the United 
Provinces. In 1917 the Imperial Entomologist stated that in the 
Punjab, in some years, the damage “ is very serious indeed, running 
into a loss of sev’-eral million pounds sterling.” 

There is one more fact in the^life-history of the Spotted Boll- 
worm to which I must direct your attention. I have mentioned 
tlxat the caterpillar comes out of the boll when full-fed and pupates 
in a tough, cryptic-coloured cocoon of silk. It is in this condition 
that the insect usually survives the winter, either in cracks in the 
soil or concealed among dead leaves or the like rubbish. Emerging 
as a moth^i the spring, it is usually able to recommence breeding 
on other plants than cotton, notably (Hihiscm esculentus) 

and other species oi Hihiseiis, md on. Ahutilon md/knaii. None of 
the three species of Earias is confined to cotton. 

A consideration of the foregoing shows that, so far as investi- 
gations liave carried us, no universal panacea can be evolved for 
the Spotted Boll- worm. Spraying or dusting the plants with poisons 
is of doubtful effect, entails an outlay in materials and appliances 
which would deter the small cultivator, and is a method involving 
considerable risk when employed unintelligently. The presence of 
the pest in wild foodplants, and its liking for such a commonly 
grown vegetable as bJiindi, militate agajnst the effectiveness of 
methods invohdng compulsory destruction of cotton sticks or 
rubbish aftej^ harvest. The low percentage of parasite infection 
puts a limit to the value of breeding and distributing parasitic 
insects in the cotton tracts. Trap crops have been tried with poor 
success ; while the evolution of immune ra'ees of cotton is a dream 
hardly likely of realization. 

The reduction of the numbers of this pest, with the consequent 
saving to the country of some part of the crores of rupees now 
said to be lost annually, appears more likely to result from 
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application oE simple nietjioclg e ]>ei,ig {.jje 

routine agneultural ppctice of the caltivators. Tlie ground should 
certainly be cleared of ratoon plants, cotton sticks and rubbish 
between seasons; the early attack on seedlings sliould l)o ntiiiz(‘d 
as a trap fpr the first generation of tb.e pest, eitlier by uprooting 
attacked plallts or by” topping tliem below tlie'* bored part, and at 
once destroying the contained insects ; while at each irrigation 
or during each heavy fall of rain the plants sliould be shaken to 
ensure the majority of attacked bolls falling off into the water, so 
drowning the contained caterpillars. Further good may' possililv 
result from the selection, of densely hairy varieties of cotton. 

It was at ^rst believed that the Spotted Boll-worm was respon- 
sible for most of the damage to bolls throiighont Xorth India. 
Investigation has, however, -shown th*at the Pink Boll-worm is a 
much more pernicioiifi and dangerous pest. This fact has dong 
been recognized in the United Provinces, and, wh<!%r because 
of the spread of the pest, or through more extended obse!’i’’ation, 
it is , also being realized in other provinces. 

The Pmk'Boll-worm<Plate XVIII) is the larva of a Gelechiad 
moth, Platyedm gossypiella, Saund. The moth is a .small, insigni- 
ficant, brown insect, four-tenths of an inch long, nocturnal, and has 
the habit of scuttling under shelter if disturbed by day. Although 
inconceivable numbers of the moths are produced every year, verv 
few even of the folk concerned with C(itton have seen the adult 
insect, at any rate t^ recognize it as the imago of the Pink Boll- 
worm. 

In order to indicate the nature of the damage and the problems 
to be faced in reducing it, I must describe, as briefly as possible, 
the course of events throughout the twelve months froiji one cotton 
sowing to the next. I will start from the arriv^ of’ the adult moths 
in the cotton fields. We -will see later hoiy they get there. ’ 

The appearance of tSe moths^fdllows the planting by a period of 
three to four weeks, dependent, apparently, upon the humidity of 
atmosphere and soil. Egg-laying commences coincident with the 
development of buds and flowers. The eggs are minute ovals, 
barely visible to the eye, but shown by a lens to be delicate, 
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net-marked, iridescent-shelled objects about half a millimetre long. 
Two to four hundred eggs may be laid by ony female, and they are 
laid singly among the hairs of the bracts and stems of flowers or 
bolls, on the stems of the young shoots, and on the axils, petioles, 
and laminse of the younger leaves. From the egg, from three to 
ten days after lafing, enlerges a white larva aboul; one-twelfth 
of an inch long, with small dark head and slender flexible body. 
It immediately seeks a bud, flower, or boll, and proceeds to eat 
its way inside. In bud or flower the anthers are first attackech 
but the insect may finally enter thp ovary. A young bud does not 
afford sufficient food for the developmdfit of the larva, nor does a 
very young boll. From these, when consumed,* an ^excursion has 
to be made in search of fresh supplies. But a single flower or an 
older boll provides all the necessary nourishment, and once entered 
is no,t left until the caterpillar requires to pupate. Hence, unlike 



the Spottid^oll-worm, the Pink Boll-worm is seldom required to 
leave its shelter, and is very rairely to be seen at large on the cotton 
plant. This is wisdom, because in the course of a few days’ rich 
feeding, it loses its delicate appearance-- and becomes a stout, 
conspicuously pink caterpillar, which would surely prove a tempting 
titbit to birds, and a promising and unprotected field for the 
egg-laying operations of parasitic insects. But, further than this, 
it has learnt how to enter a cotton boll without leaving an open, 
tell-tale hole through whM fungi, bacteria, and parasitic insects 
may follow to its detriment. The bore hole ^of the Spotted Boll- 
worm remains open. That made by the Pink Boll-worm very 
rapidly closes over, leaving practically no* scar or trace by which 
insect, bird, or man inay discover the caterpillar’s presence. Its 
ingenuity in s^If-presm-vation extends further. The Pink Boll-worm, 
.like its Spotted associate, eats the developing seed in the boll, 
but it does this in such nj^nner that the plant is not much disturbed, 
and the attacked bolls are seldoin iposened!^ Thus when a storm of 
wind and rain causes havoc among the Spotted population, the 
Pink community ride out the tempest snug and secure in their 
sealed and firm-fastened chambers. ISTor is even this the full extent 
of its cunning in ciaicealment and self-preservation. It has evolved 
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a means wliereby ifc ensures its safety tliroughout the cold and hot 
seasons, and by whif^h, at the break of the rains, the cultivator • 
whose crop its offspring will ravish is made the unwitting ag€nt of 
his own ill. In its last expression the Boli-woim’s cunning may 
perhaps have overshot the mark, to its ultimate undoing. But I ■ 
must not aiAicipate. ** These matters belong to* a later chapter of 
the story. 

To follow further this first generation of larvee ; the feeding 
stage occupies about twelve to fifteei^days, the pink colour appearing 
about half way through this. Jhe full-fed larva pupates inside 
a thin silken cocoon within the hollowed seed, or among the lint,*“ 
the bracts, or^ withered leaves, or sometimes attached to the stem 
or in cracks m the soil. Ten days to a fortnight later the adult 
moth emerges, and egg-laying recommences. 

A complete generation, in which the insects may increase one 
hundred to two hundred fold, thus occupies from t^nty-five to 
thirty days in the monsoon. Four such generations between July 
and October .frequently result in the production of so many Pink 
Boll-worms that ultimately practically every boll harbours one or 
more. 

Towards the end of October, when the temperature begins to 
fall and the air to dry, a marked change of habit is noticeable in 
most of the larvm. When they are full-fed, all but a few, instead of 
pupating at once, spin themselves snuf cradles of silk inside a 
hollowed seed. If tl^e seeds are small, two or more may be securely 
fastened together for this purpose. Within these the larvse sleep 
out the cold weather and the heat, awaking to activity again only 
after the onset of the monsoon. * 

The few exceptions pupate, and moths emerge which lay eggs 
on such cotton plants as may be available, ’yphe development of 
the resulting larvse in the cold weather is slow, but dhder favourable 
conditions two generations may* be passed through during the . 
winter ; while, if the cotton is left in the ground through the hot 
W’^eather, two more generations may ensue in such flowers 'as are 
produced. The numbers are, naturally, limited by scarcity of food, *’ 
but they may prove important in attempts at control. 
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Such generations as do not hibernate we designate “ short- 
cycle,” while the larvse which spin up for tlie winter we call long- 
cyclefl 

Most of the long-cycle larvsB pass through the ginning process 
uninjured, and remain dormant until, at tlie next s(^wing time, 
they are sown in the fields along with the soiintl seed. As soon as the 
humidity is sufficient they come out of their silk-lined chambers, 
work their w'ay to the surface by constructing a silk-lined tunnel, 
pupate within the tunnel, and* ultimately, in the course of a few 
days, emerge from it to await the (mportunity a/fforded l>y buds and 
flowers for the all-important purpose of ensuring ( in? continuance of 
their race, with the incidental cost to the cultivators of a few crores 
of rupees. 

Thh actual nature of the main damage done by the individual 
is that buds, flowers, and young bolls are completely destroyed; 
that in th^/dder bolls a few to all the seeds in one lock are eaten out, 
so that either useless lint, or none, is produced ; that one caterpillar 
may destroj^ some of the seeds in more than one lock^consecpiently 
damaging more lint ; and that the quality of lint, oii-content, and 
germination power of unattacked seeds in the boll are often adversely 
affected. 

In the United Provinces the cultivators’ estimates of the loss 
from the Pink Boll-worm is two to eight or more annas according to 
locality and season. As tin annas is said to be a good average crop, 
this would mean approximately fifteen to a hundred or more per 
cent, over the harvested crop. My own experiments this year 
substantiate the enormous amount of damage done. I coixsider 
that an average loss of 25 per cent, is a conservative estimate. 
Now, the Upited Provinces, which is by no means the largest 
.cotton-growing^area affected by the Pink Boll-worm, is estimated to 
produce about eig]^ty npllion pounds of cotton. " This means that 
over twenty-five million pounds*’x’^ich oujixt to come to maturity 
fail to reach the market. These are, of course, round figures, still 
requiring definite proof ; but add to them the damage caused in the 
Punjab and other cotton -growing areas in North India . Then, 
even if this is a cdhsiderable over-estimate of the loss, the total will 
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still be a colossal fi-giire, and it will be appreciated tliat aiiy iiieasiires 
wbicli will effect tiie sa^diig of. all or lacst. of tlie cro]? now lost will 
add mateiially to tbe wealtb and well-being of the coiiiitiy. Tlie 
problem is, liow this is to be accomplished. It is obvious that none ' 
of the measures suggested for the Spotted Boll-worm will' apply, ■ 
excepting th& clearings up of fields between seasons. The effective 
concealment practised by the larva and the iiiotli precliide>s hand- 
picking operations, and renders poisoning ineffective. The adults 
are only dightly attracted to light-traps, nor do parasitic insects i 

give us any reason to expect nmchhelp from them. Parasites of 
Platyedra gassy piella are scarce in India, and, as the insect is 
probably indigenous, there is not much likelihood of finding any 
effective ones elsewhere to import. Operations during the cotton 
season, thus, do not offer much hope? Where, then, is hope to be 

found .? ■ 'b 

% 

I suggested earlier tliat the insect had perhaji^^ carrie’d its i 

cleverness too tar. When it adopted the habit of shutting itself ■ 

up for the pff-season inside the hollow shells which, but for its 
luischievous Activity, would have furnished food for beast a, ml 
clothing for man, it may, perhaps, liave delive:i:-ed . itself into the 
hand of the avenger, niere, in the mass of seed, is tire bulk of the 
irext season’s potential pest, and by suitable means of tieatiug tire 
seed, all the bibcrjiating host can be destroyed. 

’hhis is the oinious solution, it Jias been seized in other 
ixniutries to w'hicii the Piidf Boll- woion has ])enetrated from India. 

It may prove to be ciie, and the only, solntion of tiie problem for 
India. It is, liowever, a^iuatter entailing vast outla}' eud organiza- 
tion, and the sciienle for putting it into opeiafion is not one lightly , 

to be put forward. It must be backed by incontestable e.^ptnimehtiU 
evidence, and proof of its absolute efficiency, '^bef die fts acceptance * 
is conceivable or Qv^'en desirable. • •’ • 

We know that by h-ttiting the -seed to a certain temperature tliu . 
larvm can be killed without injuring the seed. There may perhaps • * 

be other and better methods, but this has proved eifectiv&, iuid • • » 

capable of being carried out in ginneries. But to be of much use, •’ 


the treatment should be universal. This means tfiat all cotton seed 
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throughout North India would have to be dealt with— a formidable, 
but by no means hopeless proposition. But before such can be 
attempted there is much experiment to be carried out, and much 
definite knowledge to be sought. The causes which may afiect the 
success of the method must be explored, such as the quantity and 
effect of hibernating larvie in bolls dropped in the fields and the 
carry-over of short-cycle and long-cycle larvae on alternative food- 
plants ; the actual value of the damage done by the Pink Boll-worm, 
and the additional return from ^est-free crops must be determined ; 
and the feasibility of any method proposed for dealing rvith the 
” infected seed must be clearly demonstrated. 

An examination of these and other aspects' of the problem is 
being conducted in Cawnpore by the Entomological Staff of the 
Agricultural Department of' the United Provinces, with the co- 
operation of the Indian Central Cotton Committee. It is hoped 
that 'the in y^tigation wiU result in means of controlling Boll-worm 
attack in Slorth India, so ensuring to the cultivator the fruits of his 
labour* and to the country an increase in output and \Ysalth, while 
calling, on the one hand, for' no added toil, ^ save that involved in the 
happy task of harvesting a full crop, and on the other, for no corre- 
sponding increase in area devoted to the crop. 

It must, however, be remembered that scientific work frequently 
produces negative results, valuable from an academic view-point, but 
disappoin tin g to the ecor^omic worker whose main interest is, of 
necessity, in attaining results of practical application. 

The outcome of the enquiry is in the lap bf the morrow. It is 
yet too early to offer any forecast of its^ results. There is much 
to be done before we* shall know whether our hdpe will be realized ; 
but the indications at present are such as to warrant very consider- 
able hope of satistacl!5iy and practical results. 
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A PEELIMINAEY NOTE TO THE STUDY OP " 
^ FIXATION OP AMMONIA IN SOUTH 
’ ^ ^ INDIAN SOILS.* 


BY 

’ T. S. RAMASUPRAMANIAN, B.A., 

Assistant to t}i,e Goveriitneht Agricultural Chemist, Ooimbatore, \ 

In their preliminary note^ on the decomposition of calcium 
cyanamide in South Indian soils, Norr&, Viswanath and Ramaswarni 
Ayyar have observed, that the decomposition of cyanamide in the I 

soil is veiy rapid up to the urea and ammonia stages, -it^e oxidation } 

of ammonia to nitrates proceeding more slowly. Since nitiification * 

proceeds at, this sIoav rate, there is little danger of all the nitrogen 
becoming avhiilable too ^quickly, before it can be utilized by the j 

crop. In the case of paddy soils, however, the conversion of the 
cyanamide nitrogen into ammoniacal nitrogen is very rapid, and it 
has not been possible to say exactly how the ammoniacal nitrogen is 
assimilated by the plant. 


As a preliminary step to study .^is problem, particularly 
in the absence of information as to the form in which ammonia 
is liberated, it has been foimd necessary to study the capacity 
of the soil to fix aipmonia from solutions of its various salts. 
Three lots of 100 grm. each of paddy soil from the Central Farm, 
Coimbatore, were shaken for one minute and aliowe^ to stand for 
one hour with 250 c.c. each of solutions containing 19-88, 26-24 
and 37*0 mg. of* ammoniacal nitrogen in, the form of ammonium 
hydroxide,- carbonate and sulphhte respectively. At the end of 
one hour these were filtered and ammonia was determined in the 


* Paper re:id at the Agricultural (Section, Indian Science Congress, Bangalore, 1024. 
^ Mem, Dept, AyrL Ind,^ Oheni, Ser,^ Vol. VII, 3, ^ 

( 679 ) 
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aliquots of tlie filtrate with the following results, as tabulated in 
Table I. 

f Table I. 

• Showing the amount of nitrogen fixed hy 100 grni. of ^ paddy soil from 


solutions of ammonium hydroxide, carhomte and sidphate. 


■ ■ r- 

►Solutions 

Amount of 
nitrogen* 
added 

(t 

Amount of 
nitrogen 
recovered 

Amo lint of 
nitrogen 
fixed 

Percentage of 
nitrogen fixed 
on tlie added 
a, mo lint 


mg. 

r ' 

mg. 


Anmioniiiiii liytlroxide 

19*88 

■ 0*84' 

10*()4 

95*8,- 

Amnionium carbonate 

26*24 

^ 2*80 

23*44 

89*1 . 

AnnnuniunT'sulpha.te .♦ 

fl-00 

0*91 

30*09 

- 81*4 


This pi!f!?taiinary experiment shows that the soil experimented 
with here is capable o± fixing ammonia in any of the three forms 

ffiveu. and that the amount, fixed is many times more' than what 

■■ ' ■■■ “' ■ ' ' ■ ' ,■ ' ^ ' , ■ ' 

will be available under any conditions of agricultural practice. 

The next point for investigation is the mechanism and range of 
fixation.- 

The problem of fixation by soils has received considerable 
attention for some time and quite a large volume of literature 
lias developed on the subjeefi;. But the amount of work done in this 
direction on swamp soils is very meagre, if notf practical I v notJung. 
TJie problem of ammonification and fixation of ammonia with 
special reference torjwddy soils has, therefore, been taken up foi- 
st udy and the aspect of fixation is being considered first. 

It lias bebti Iwild^hat the extent of fixatioii by soils is related 
fi) theij agricultwfal value and that the' greater the (rapacity of tJie 
soil to fix, the better it fe suited ^for agrici^tural purposes. It has 
also been known that the process '“of fixation is generalli', if not 
invariably, attended with base exchange, so that, wliile certain 
oplant foods are held in a state of absorption by the soil for subsequent 
use, certain others are disengaged from the soil, and made available 
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for tie plant. In vieiT of tlie importance of clianges that take 
place when fertilizer salts are added to a soil, as in ordinary agricul- 
tural practices, and ih view of the different types of soils exisfjing in 
this presidency, this investigation has been extended to the different 
classes of soils and the results presented herein are some’ of the 
preliminary 'observations of the behaviour of |,mmonium sulphate 
on these different classes of soils. 

It is realized that, from a chemical point of view, the manuring 
of a soil is an independent individual proposition, requiring a careful 
study of individual conditions. There is likely to be variation in the 
behaviour of a fertilizer lyith the different classes of soils and witl?^ 
different soils of a similar class. Such instances are .not w-anting 
in the vast nfass of literature that has accumulated on tlie subject. 
However, there can be no denying ^he fact that the knowledge 
obtained from the behaviour of a particular class of salts towards 
specific types of soils cannot fail to be of a reliable gui^ in judging, 
in a general ivay, the manurial requirements of soils Tjf a given 
particularly in a country like this where experimenfal work 
on soils is not far advanced. 

Based on agricultural practices and natural conditions, the 
soils of this presidency can be divided into four main classes. 'Hiey 
are (1) paddy soils, (2) garden soils, (3) black soils and (4) estate 
soils (planting districts). 

(1) Paddy soils are essentially rice s^ils and the cultivation and 
cropping is always under submerged conditions. 

(2) Garden soils’ are usually red soils imder irrigation. 

(3) Black soils are dry soils, dark in colom, containing piopor- 
tionatcly larger amounts of lime and depending principally on - 
rain. 

(4) Estate soils are laterite soils from highlands* with a heavy • 
rainfall, are usually lighter than the other types and iwe charactciizejb 

by their high content of* iron and*alumin£r and 'organic matter and 
very low lime content. * 

These four principal types of soils have been experimented 
with, and the pH values and the chemical and mechanical analyses.* 
of these four soils are given below in Table II. , 
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Paddy 

soil 


Garden 

soil 


Blacl^ 

soil 


Constituents 


79-04 


Insoluble mineral matter 
Iron oxide (Fe»Og) 
j,41umina (AI 3 O 3 ) 

Lime (CaO) 

Magnesia. (MgO) 

Putash (KgO) . . 

Soda(Na 30 ) 

Carbonic acid - * 

Phosphoric aciS 
Sulphuric acid (SO 3 ) . , 
Loss on ignition 
Containing;"- 
Nitrogen (N) 
Available PaOg . . 
Available KjO 


Trace 


0*018 


0-010 


MecJianical anahsis. 


Fine gravel 


Coarse sand 


27-77 


19*10 


Fine sand 


Fine silt 


2 M0 


25-70 


pH values 
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soils "'received from Nallatanni Estate, Munai, Periakuiam, for 
analysis, in tie laboratsry of the Government Agricidtural Chemist, 
Coimbatore. All thise soils were dried in air and passed %'ough 
1 mm. sieve. 

100 g;m. of soil were shaken with 250 c.c. of ammonium sul- 
phate solution in a Shaking bottle for a minjite and allowed to 
remain for some time until equilibrium was established. At the 
end of this period the liquid was filtered through dry filter paper 
and the necessary determinations made. The determinations 

V V ■ 

of the basic alid acidic radicals were made by the usual methods 
obtaining in an agricultur«,l laboratory, but a word has to be said'^ 
about the detern\ination of ammonia. There has been a’ large 
number of methods for the determination of ammonia in soils. 
The suitability of the various methods for our kind of work on 
ammonification is bqing investigated. It is felt that a critical 
consideration of these methods is necessary, wher^sfhe soil in 
situ is used in experiments dealing with ammonification, but for 
the kind work which is the subject matter of this paper the 
usual method has beeg considered sufficient. Accordingly the 
ammonia in the filtrate was determined by distilling it with 
1 per cent, potassium hydroxide solution. All the figures given 
in the several tables here are the averages of two or more 
determinations. 

The scope of enquiry is, for the prelent, limited to the follow- 
ing considerations — ^ 

(1) Time factor for attaining equilibrium between the fixer 

and the fixed. • • 

(2) The influence of concentration on fixation. 

(3) The nature of fixation. 

The time required for the attainmehi of equilibrium between ■ 
100 gim. of soil and 250 c.c.. of ammonium sulphate solution ' 
containing 37 mg. of ammoniacal nitrogen, ranging betweeu one 
minute and four hours, was first determined and the results are^. 
tabulated in Table III. 


V. 




m 
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Table III 


SJmoing the amouvi, of ammonia fixed du/rvttg varying periods 
^ of fi'Xation. Nitrogen added 37 mg. 


It wiU be observed that all the ammonia added is not recovered 
and that" the soils are able to fix all the ammonia they could at 
that concentration almost immediately, and any increase in the time 
factor doeseK^t result in increased fiixation at that concentration. 
In all the soils except the estate soil, the amount of ammonia 
fixed is nearly the same. In the case of estate soil, however, the 
fixation is low and is nearly half tliat 6f the other soils. The 
lighter texture of the soil may account for this behaviour. 


Table IV 


Showing the infimnce of fG<)ncwntr^^^^^^ of the added ammonium 

talt on the extent of JmilioH. Period of fixation one hour. 


Coiiceiitititioii of 
the Jtiniiioniiim 
lutioii 
jIN ■ 


1 Soil type 

Immediate 

N fixed 

15 minutes 
N fixed • 

30 minutes 
N fixed r 

One hour ^ 
fixed/" 

Four lioixrs 

N fixed 


mg. 

mg. 

mg. 

mg. 

mg, , 

Paddy 

30-49 

30-05 

30-19 

30-09 

30-98 

Garden . . . . 

33-36 

32^54 

32-19 

33-OS ■ 

32-43 

-^lack 

31-26 

31-96 *■ 

32*24 I 

32-10 

31-54 

Estate ... ^ 

13-85 

12-78 

. 15*16 

J3-90 



^ 14*27 


Padd 

100 

SO-IL 

UBM. 

Gaubj 

100 

aJX SOIL 

OHM. 

Blacj 

dOO 

V SOIL 

0 MM. 

: 

Estatl soil 

100, OEM. 

. 

1 fixed 

r 

% lixed 

N fixed 

% fixed 

N fixed 

% fixed 

“•2s- fixed 

% fixthi 

r- 

lUg. 

r ■ ■ 

Ulg- 


mg. 




30-00 

8i-4 

33 08 

80*4 i 

■ (f- ! 

3?10 

86*8 

13*90 

37-GO 

75*02 

67-0 

ST'lli 

78*5 1 

.S2-l(i 

74*0 

24-20 

21-80 

125*40 

56*5 

152-00 

68*0 1 

141-0+ 

63*8 

47-28 

21-30 

238 *2o 

42-9 

30S-i)5 

i 

00* t j 

2ti4-25 

53*0 

109-10 

19-70 

r 
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Froni tlie above table it will.be seen that, while the absolute 
amoiiiit of animoniij^ fixed inereases with inciease iii coneenhratio^!^ 
of the solution of ammonium sulphate, the percentage :fixatilo:n on 
the added ammonia decreases. This increase in the iibsoliite 
amount j c\i decrease in the percentage fixed, is not, however, in 
direct proportion, to the increase in concentriftion. Neverthc^less, 
a certain amoiuit oJ: unilormity is observed in the case of all soils 
in the amount fixed. For instance, when the concentratio^^^^ 
trebled all the soils absorbed about jfcwo and a half times the original 
amount. Similarly when the , concentration is incieased fifteen 
times all the soils absorbed^ 8 to 9| times the original amount. "" 

As in tlm previous case, the fixation by estate soil is* lower 
than that by the other soils and reaches the percentage constant 
earlier, i.e., at lower concentrations. If the percentagevS of ammonia 
fixed at various concentrations by the soils are plotted, the curve 
for the estate soil becomes almost a straight line ev^H. as early as 
at a concentration of 111 mg., whereas in the case of theotlier three 
soils it is not, so. 

From these two sets»of experiments it will be seen that the soils 
may be said to fix ammonia in the following order Garden soil, 
Black soil, Paddy soil. Estate soil. 

The results set out in Tables V and VI explain the natxire of 
fixation. The liberation of bases is in proportion to the amount 
of ammonia fixed. This indicates th^ the process of fixation 
is essentially a chemical one. In all these experiments the cliloune 
and carbonic acid contents of the soils were not affected. 




% 
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Table VI. 

Shoinng ilie eq^iivalents of the different cations displctced. 
NH^ added 713-57 mg. SO3 added 1585 ’5 7ng. 

Time of fixation one how. , 


Soil type 

KH, ’ 
fixed 

Ca 

found 

solution 

Mg 

found 

in 

solution 

K 

found 

in 

solution 

ifcu. 

luted 
from 
balance 
of SO 3 

SO 3 

found 

in 

solution 

NH. 

equivalent 

of 

Cn, Mg, 

K & i\a 

A 

mg. 

-1 

mg. 

mg. 

■ ing. 

mg. 

mg. ^ 

Packiv 

306'3 

15o-7 

I 43-7 

8-8 

120-4 

1579-7 

303-vS 

Garden . . 

397-3 

189-3 

59-3^ 

17*8 

160-8 

1579-4 ^ 

^ 393*6 

Black . . . , 

37S-3 

247-0 

40-1 


l\7-9 

■■ ■■ ! 

1577-8. 


Estate .. : 

140-3 

35-1 

5t4 

5-3 

64-2 

%„ ■ 

1 479-2 ; 

.89*3 






1 


» 


The balW-e of sulphuric acid (SO 3 ), after combining with 
Ca, Mg and K, found in solution, is put down to soda on the 
analogy of combination of acids and bases in ivater analysis. It 
will be seen that the ammonium equivalent of Oa, Mg, K and Na 
equals the amount of ammonium fixed in the case of paddy, garden 
and black soils. In the case of the estatS soil, liowever, a deficiency 
occurs and from Table VI it will be observed that 51 mg. of NH^ 
and 106 mg. of SO 3 have to be accounted for. Experiments with 
iron alum and sodium isulphate have also sho-g^q that the sulphuric . 
acid from these salts is held back by the estate soil. Similar results 
w’ere olitained with phosphates also. • q. 

It may be that a iiortion of the ammonium radical equivalent; 
to the SO 3 available is held up as ammonium f^ulphate by the soil 
or that the ammonium and ths sulphate radicals are entirely in 
separate combinations. The latter view seems more probable 
from a knowledge of the agricultural behaviour of the estate soils. 

The pH value of the estate soil indicates neutrality or at best a 
slight tendency towards acidity, and it is surpris!hg that a soil with 
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a tendency to be acidic shows selective absorption (adsorption?) 
towards acid ions. * 

It will be seen from the table of analysis (Table II) that this 
soil is very poor in lime and available phosphoric acid with a high 
content of iron and alumina and organic rnatter. It probable 
that on the addition of ammonium sulphate to the soil, the acid 
radical, in the absence of lime, combines with tlie hydrosols of iron 
and alumina to form insoluble basic sulphates of the types 


or double svilphates which are comparatively less solul)le. Similarly 
when a phosphate is added the phosphate ion combines to form the 
insoluble phosphates of iron and alumina, 

From a practical point of view, the irRlications of the evidence 
before us are that it is not advisable to apply a soluble phosphate 
like superphosphate before the application of lime to the soil, as in 
that case the phosphoric acid is all in combination "with iroir and 
alumina which may not be so quickly and ea'^ily available to tire 
plant, even if lime is subsequently added. In fact, laboratory 
experiments have shoAvn that liming did not disengage, in appreciable 
amounts, the phosphoric acid abso].‘bed. Even if the phosphoric 
„ acid combined with alumininnr is made subsequently available for 
the plant, there is alv'ays the risk of the hydrosols of these metals 
inducing a state of pseudo-acidity exerting their mrdesraible influen- 
ces on the soil and '^n the plant. If, on the other hand, liming 
precedes the applicatior), of a phosphatic manure, the aluminium 
hydrosols are suppressed and thd" phosphor'ic acid can then go in 
combination with" lime in which form the phosphoric acid is 
more easily available to the plant. The evidence also points 
out that soluble phosphates like superpliosphates applied alone 

of lime. 
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sru-uy OP fixation op ammonia in south in'dian soils oS9 
’ Conclusions. 

1. llie soils oi^the Central Farm, Coimbatore, for instaiicej 

tlie paddy, garden, and black soils, have a high absorptive |?ower. 
The estate soil has a very low absorptive power. t 

2. The ^process o| absorption is almost instantaneous. 

3. Tlie absolute amounts fixed by these soils increase with the 
increase in concentrations of ainmoniacal solution used, while the 
percentage fixed on tlie added amount decreases and tends to reach 
a limit. In the case of the estate soil this limit has already been 
reached even at lower concentrations. 

4. Consequent on the fixation there is a displacement oh ‘other 

cations from the soils. The chlorine and carbonic acid contents are 
not affected. ' . 

5. In the case of, the estate soils all the anions (SO3) added 

could not be recovered. ' 

6. The NHj equivalents of Ca, Mg and K found in splution 
after treatment with the soil do not agree rvith the fixed by 
the soil, biit the difference so observed alway>s equals the ]SrH4 
equivalent of the balance of SO3 found in solution, after combining 
with Ca, Mg and K. 

7. AVhen calculated to Na, as is done in this work, the sum 
of the several sulphates found in solution agrees closely with the 
total solids estimated. 

8. When a higher concentration of ammonium sulphate 
solution is used, potassium is displaced in the soil. 

9. The abnoiihal behaviour of the estate’ soil when compared 

with the otlier soils in holding back large amount^ of jicid radicals 
appears to be connected with the large aiiiounts of iron and 
alumina and low amounts of lime present in the soil. ’ ' • 

Before closing I must express myt hanks to M.R.Ky. B. 
Viswanath Garu, F.I.C., Offg. Government Agricultural Ghemist, 
Coimbatore, for the very kind help, advice and encouragement 
accorded to me throughout this investigation. 
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SEASONAL VARIATION IN PADDY. 
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Assistants. 

The experiments concerned in tliis paper are tlie results of the 
study of seasonal variation in paddy plants with special reference to 
their flowering, tillering, length of straw' and yield of crop for three 
consecutive years from 1920 to 1922, 

As it is often desirable to express the degree of variability 
in exact mathematical terms, the writers have drawm a number of 
biometrical curves for three years separatel)”" of w'liich each curve 
shows the seasonal variation among the individuals ur the tw'O 
particular classes ohpaddy, viz., the Saifand Broadcast Aus. The 
results have been calculated from a set of average variables in 
each individuaLgrowp. 

The experiments rvere carried on in 10' X 10' plots w'here each 
variety w’^as observed iiYregard to their respective flow'eriirg, tillering, 
of straw, and yield. 162 ^varieties of Sail and 56 varieties 
of Aus were taken for experiment on average. The season of sowing 
the seed-bed in the case of Aus comes in.April and May, w^hile that 

according to the favourable rainfall. The 
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rainy season extends from March to October ovith an average 

p.ec.p.ta.«, rfU5:p«.,ea,atthe Ka™g„i fJ.«. 

in . le Pig- -3. It may be mentioned here that the paddy 

arm arnnganj, where the experiments were tried, is «ituated 
in an inundated area^which is a typical Surma Valley paddy land 

There is some relation between the yield and the flowering, 
ti ering and length of straw of paddy. How much relation there 

easts between them will be pointsd out later in detail from the 

tables and curves. 

♦ 

, Variation in flowering. 

i he Sail varieties flower every ye<sr at a jiarticular time.betweeu 
the months of October and November irrespective of their date of 
sowing. This system’ of flowering in Sail may Me tajcen as fimeiy 
fixed. ],t*is for this reason that the number of days fron? sowing to 
flowering in Sail diieetly varies with the date of sowing as the time 
of flowering almost fixed. For exa'mple, a variety sown either 
on the 1st June or on the 1st July will approximately flower at the 

same time from the 15th to the 20th October. 

Table I. 

Mowing the mode, mmn mid coefficient of variability and percen- 
tages of error in flo wering of Sail and J us paddm. 


No. of 
varieties 


Coefficient 
of variability 
in percentage 


1 , Flowering of Sa il 


2. Flowering of Axis 


, 171 140 


141*2 3*r> (±0*15) 

i' , • * 

140*8 3*00 0*11) 

139*0 3*7 (i 0*13) 

! #' 

: f ) 2-8 fi -5 0 - 41 ) 

72-3 7-4 (±0-43) 

j 63-2 4-.5 {+ 0-28) 
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It may be/pointed out liere that in Table I there is some varia- 
tion in the nimx of the flowering in Sail, vjz., 141-2, 146-8 and 
139-5An 1920, 1921, 1922 respectively. This is due to the tact that 
sowings was earliest in 1921 and latest in 1922. Ihe difference 
in the number of days of the three mean& quite agrees with the 
difference in the nhmber of days in the sowing time of the three 

years. 


• Humber of day d from sowing to flowering. 

Fia. 1. Curves showing the number of days from sowing to fi<nvering in Sail and 
V- Alls paddies for the years 1920-1022. 

On the other hand, the tihi^ of flowering for Aus is rather 
periodic, i.e., they will flower in a definite length of time more or 
less ii-respective of their date of sowing. This systejn of flowering 
be taken as periodically fixed. The number of days 
not vary with the date of sowing 
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but it may vary with -the climatic condition. For instance, a 
variety somi in Aprd or May Avill necessarily flowef after a period 
of two months or so under normal condition.s. But it may iflower 
early owing to drought or late in case heavy rains and floods 
intervene. ■ ’ 

iable Pand the ourve.s in Fig. 1 show clea.fly the variation in 
mode, mean, coefficient of variability and the calculated percen- 
tages of error in the experiment. In 1921 it is noted that the mean 
in Aus is 72-3, Avhich is much greater than those of other two years. 

Ihis excess oh variation in the^ mean is due to excessive rainfall, 
as is shown in Fig. 5, and the subsequent flood. 

Here we find' a relation between the early and late flowering 
of both Sail and Aus and their respective yield in chlmtahs^' In 
the case of Sail the majority of the varieties which flowered late were 
found heavy yielded, while in the case of Aus no marked difference 
was noticed in early or late flowering, but an average calculation 
showed higher yield in favour of earliness. From thislt may be ' 
assumed thjit Sail paddy floAvering late and ilus paddy flowering 

early favour the yield. A, 

Sometimes insect attack or flood causes improper flowering 
so as to decrease the yield to a large extent. Even the lack of 
adequate amount of rainfall causes a good many number of empty 
glumes. 

Variation in tilheeing. 

Generally, Sail 'paddy tillers more than Aus. The tillering 
of -Sail is almost three times as much as in Aus and so the yield 
which will be shown 'later. The variation dn mode, mean and- ^ 
coefficient of variability is rather liimted, as is shown in Table II 
and the curAms in Fig. 2, and so is the percen,tage of* error in each • 
case. In majority of cases it is found that where tillering increasg^* 
yield follows the same. It has also been moticsd that some A’-arie- * 
ties having a large number of tiflering haA’-e loose^or short ears and 
in some there is a tendency to produce empty’ glumes both o£ Avhich A . 
are detrimental to the caijse of yield. 



* 1 chhaiak = 2 oz. 



1. Tillering of Sail 


Tillering of Aiid 


'Variation in length oe straw^. 

Length of strff\r mostly mies M'ith* the supply of water, 
rhoiigh usually one seldom expects any definite relation between 
;he lengtli ol straw and yield, it ha.s, however, been found by 
calculation that length of straw favour's the yield in both Aus and 
3ail paddies. 


1 ^ 




1 Year 

jSTo of 


Coefficient 

varieties 

i ' ; 

Mode IT ■ Mean-.. 

of variability 
in percentage 

i 1020 

i . 125 

' 0 ‘ 7*1 

24-5 (± 1-11) 

< 1921 

153 

' 8"*- ^ 7-0 

22-9 (± 0-93) 

1 1922 

153 

0 7*9 

25-0 (± 1-02) 

1 1920 

59 

3 2-7 

22-0 (± 1-42) 

1921 

50 

3 2-7 

19-0 (± 1-24) 

1 1922 

57 ■■ 

2 , 2-0 

25-7 (± 1-73) 
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Table III. 

' * ■ ■ 

Showing the mode, iman, coefficient of variability and percerdu^t 
of error in %ngth of straw of Sail and Aus paddies. 


* 1 . 

Year 

No. of 
varieties 

Mode 

- Mean 

Coefficient 
of variability 
ill percentage 

1, Length of straw in Sail (in 

inches) 

2, Length of straw in’'Aus'(in 

inches) 

{ 1920 
\ 1921 

1 1922 
(1920 
\ 1921 
11922 

126 

173 

167 

42 ^ 

■ ^ 

^ 60 

46 

46 

oO 

32 • 
32 

44 

46'9' 

46 ‘6 
49*0 
34*1 
32-5 
40*1 

8-3 (± 0-35) 
10-3 (± 0-40) 

10- 3 (± 0-38) 
7-6 (± 0-56) 
7-3 (± 0-47) 

11- 9 (± 0-73) 


JFrom both^l able III and tlie curves in Fig. 8 it is evident tbat 
there is a certain degree of variation in j:he length of straw in three 
successive years in their mode, mean and coefficient of A^ariability. 



Aus paddies for the^^ears 1920-1922. 



The percentage of error is also very small, as is shown in the table. 
Among the mean a great de§,l of variation is noticed in 1922 both in 
Sail and ^^us. This is due to favourable rainfall, as is shown in 
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Variation in yield. 

l^ie yield of paddy usually depends on the normal vegetative 
growtii and tlie normal distribution of rainfall, the latter of which 
k the 'most important. Although the yield varies Iroin year to 
year its variation is limited both in Sail ancT^Aus. r 

I’ABLE IV. 

Shoivinq the mock, mean, coefficient of vanccbiBy cmcL tJie percentage 


1. Yield of Sail (in chhalaL>:) 

2. Ydeld of {mMcMcs) 


Y . I ^ 

I varieties 

( 1920 1.27 

102V i'id 

I 1922 i 143 

(1920 i 59 

\ 1921 ‘ 57 

( 1922 i 57 


Ivlean 

Coefficient 
of variability 
ill percentage 

21^9 

15*(> (-4- 0*68) 

30-0 

18-.5 {-Jr OUl) 

2S-4. 

18-5 (± 0-76) 

4*5 

U-9 (-1- 0-94) 

4‘r> 

lS-7 (+ 1-22) 

5*5 

i 

12-7 (± 0-81) 


ill, J able iv ana me ciu vc» m l ^ 

mode in yield is between 25 and 30, and 4 and 5 chMtaks in Sail 


D plaints. 

of Sail and Aus paddies for the ; 

1922, 
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and Alls respecti%-eIy^on an average of 100 plants. The mean 
stands wjthin a narrpw limit and so is the coefficient of variability 
and the percentages of error which are between lo-6 (±0-68) p?r cent, 
and 18‘o (±0’76) per cent, respectively. , 

EelatIon between yield, eloweeind,,. tillering and 

LENGTH OP STRAW. 

In order to show the relation of flowering, tillering and length 
of straw to the yield of crop in Ipth Sail and Aus classes, a table 
has been drawn below on the% basis ot tlie high“Yielding varieties 
on the right hand side Df the yield curves corresponding to the 
varieties which have the largest mmiber of days in flowewng, the 
largest number of tillering and the longest straw in each class." 

Table V. 

% 

SJmviugJhe relation hetween Jdgli yield and floiverimj, tillering and 
length of straw in Sail and Am on the mhulated average 
* of three Gonseoutive years from 1920 to 1922. 

n ^ 

■> Flowering. 


Class of paddy 

High yielding 
varieties 

1 Early.' 

Late in favour 

of 

J“ " ■■ 

45 

19 

i 

■ 1 

1 26 

Late cliuracter 

1 : 1-30 

V Broadcast Aus 

- 

26 

15 

% 

11 

Earlv character 

1 : 1-36 


Olaas of padAy 
Sail 

Broadcast. Aus 


Tillering. 

High yielding ri„ht. i ! R'ltw iu &vour of 

varieties J j heavy tillers * 

45 22 , 2 S 1 : ROo 

27 II • * 16 1 : 1-45 


Length of straw. 


Class of paddy 


^ Broadcast Aus 


I High yielding 
1 varieties , 


I Ratio in favour 
j of I^ong straw 

I 1 ; 1*40 

1 • 

; 1 : 2-43 
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In considering the high jdelding varieties which come on the 
right hand side of the curves of yield in both Sg^l and Ans from the 
arithmetical mean in each case, the ratio of high yielding varieties 
in relation to their early or late flowering, heavy or light tillering 
M.nrl short or lonff straw are clearly shown,. Jrom ther table we 


Montlis of the year. 

Curves showi^ the total monthly rainfall in inches for the yew 1920-19^22 
and the normal rainfall for the last 10 years at the Karimgtinj 
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find that in the case of flowering lateness in Sail and eaiiiness in 
Aus have advantages to favourable yield in tbe ratio of 1 : 1'39 
and 1 : i-36 respectively. Tbe tillering of Sail and Aus shdws a 
corresponding ratio of yield in favour of heavy tillering l>y I ; I -60 
and 1 : 1-4^ ^respectively. Similarly the length of .stmvY shows a 
ratio of yield to lengtli by 1 : 1-40 and 1 : 2 tS in Sail and Aus 
respectively in favour of long straw. 

It may be added here that in the rainfall curves in Fig. ,5 attempt 
has been made to show the total monthly rainfall in indies at the 
Karimganj Farm for the years Ji920, 1921 and 1922 with a normal^ 
rainfall curve which clearly shows the excess of precipitation for* 
the years in question. . . • 

Summary? 

(1) The flowering of Sail is timely fixed, i.e*, they flower.iti a 
fixed time, of the year irrespective of the date of sowing, ■yhile that 
of Aus is periodically fixed, i.e., they flower after a certain.period 
irrespective of the date of sowing. 

(2) Other things being equal the seasonal variation in our 
cultivated plots is limited. 

(3) .Groivth and yield of rice plants vary with the di.stribution 
of rainfall. 

(4) Flowering, tillering, length of straw has a relation to yield. 






.iECH WORK ON ANIMAL NUTRITION 
IN INDIA.* 


RESE. 


Up, to the present animM nutrition lias not^ oe^ 
studied in India. Accurate information regaidiug 
nutritive values of Indian foodstufis does not e>j.‘ 
data to show either the requirements of Indian bie< 
of extreme seasonal climatic changes upon these 
very little is known concerning the distribution of vit 
foodstufis and it is impossible to say how far the a 
foods are deficient in essential amino acids. 

These are some of the lines of enquiry alone 
results have been obtained in other countries ai 
expected to yield valuable information here too. 

Indian conditions ai"^, however, peculiar in 
It is, therefore, to be expected that other proHlenis 
quite as important liere. For exanijile. a study • 
■ effect and proper ittiMzation of very coarse t'oddei'S if- 
probably deserves greater attention in India than 
elsewhere, fn undertaking the study ot animal i 
'.jsountry, therefore, the first question which has to 
selection from this unlifiiited field of enquiry of su 
as must be deemed of prime practical importance, 
cing work at Pusa four main lines of enquiry were s 
(1) digestion coefficients, (2) nitrogen metabolism, 

* Paper read at tli<f Agricultural Section, indian Science Congrt?.ss, 
. ( 600 ) 
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rations, and (4) digestion of coarse fodders. It is ot interest to 
consider tlie reasons which led to the choice of these subjects. 

1. The cletermimlim of digestion coefficients of IndJmi 
Without a knowledge of the average digestibility of foodstuffs it is 
impossible to frame aeration on an accurate basis. We may feed 
definite amohnts, but we have no notion Low mi^h nutritive material 
the animal is receiving, which is a hopeless proceeding. The 
following results obtained dining some of our feeding trials will 
show the value of digestion coefficients. 






Kitrogen 

, iligerition 




n 


9 


Per cent. 

Per cent. 

A. Sample of gram . . . 

3-23 

79*0 

B. Sample of c/mni . . 

310 

57 ‘5 

35 




’ The nitrogen or proteid content of these two feeds is amilar, but 
the amounts digested, or the nutritive values, differ considerablv. 
The figures s^eak for themselves. 

The determination^ of digestion coefficients is evidently an 
essential preliminary to further woik. For this reason, and 
however great other claims might be, the Section must carry out 
digestion determinations continuously. 

To appreciate oui lamentable lack of information on this 
subject we have only to look at the bulky appendices of digestion 
coefficients contamed in most American books on animal husbandry 
and dairy farming. 

Owing to the ’fact that many of our foodstuffs are estremeljT 
variable in composition, discrimination is required if the work 
done is to be of general utility. On the whe>le, grains, pulses and 
other concentrates from mills are most uniform in icomposition a»d 
attention is being devoted mainly, to these at p*resent. The ‘results . 
obtained will imdoubtedly be generally applicable. 

However, we cannot get very far towards the goal of scientific 
feeding unless we possess, at the same time, digestion data for*’ 
green fodders and for bulky sorghum, maize and millet fodders. 
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That these fodders are extremely variable in composition is 
well known. 1 have in this connection ^recently carried out a 
seriescof analyses of such typical fodders from diferent parts of India. 
The figures, which will be submitted for publication shortly, show the 
extent of variation that may be expected. ^ ^ 

On account of,, the variable nature of these products it will 
not be an easy matter to procure the necessary digestion data ; and 
in any case hearty co-operation is called for if we are to succeed. 
To attain the end in view two^^ distinct lines of work have to be 
undertaken. Firstly, we must dete^-mine the limits of variation in 
'chemical composition of these fodders in defined areas, and discover 
some correlation between seasonal and soil factois on these varia- 
tions. This is a matter which can onl\ be dealt with by local 
Departments of Agriculture. 

Secondly, digestion determinations must be carried out with 
materials of different giade as judged chemically. This part of 
the work lias been commenced at Puaa, and the results obtained wull 
become progressively more valuable as information relating to the 
chemical composition of the fodders grown in different parts of 
the country accumulates. .. 

The tremendous rble these fodders play in India justifies 
the expenditure of a great deal of w'-oik on them. 

Before passing on, one general remark regarding digestion 
coefficients is necessary. Digestion coefficients cannot reveal 
differences in quality depending upon the presence or absence of 
accessory factors which are imponderalile to the chemist and can 
only be brought to light by biological niethods. oik of tliib 
’^nature may become necessary in the near future ; but it is certain 
that the spade ivgrk of digestibility determination must first make 
some progres.s to clea^t the w'ay tor more elaborate enquiries. 

As a matter of fact^ experience at Pusa shows that the long 
period digestion experiments initiated there are likely to be the 
most effective means of calling attention to deficiencies in accessory 
food factors. 

2. Nitrogen metabolism. The most scarce and the most 
expensive food ingredient in India and the one which is at the same 
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tim® most essential for maintenance of bodily \dgour as well as for 
flesli and milk prodnetion is the proteid or uitrogen-containing 
iiaction of the ratidn. 

If we are to utilize to the best advantage ibis expensiA'e. 
and essential part of the animal’s food we must deterrnine the 
proteid or mitrogen requirements of our breeds ; we have to study 
the nitrogen economy of our animals ; we have to find out the 
minimum amounts of nitrogeiy needed for simijle maintenance as 
well for the production of work flesh and milk respectively; we 
have also to iseek out optimum rations of 'the different available 
nitrogenous foods for these purposes. 

In view of the great practical importauee of these qaestiun.s 
special efforts have been devoted to their study, fflie subject is 
undoubtedly a difficult one. We have found at Pusa that such 
factors as individual peculiarities, irritability of some animals 
when undergoing tests and climatic . changes freq uen tly * cause 
, appreciable variations in nitrogen metabolism. We lire closely * 
observing these variations for thev must in time vield *valuable 
information »on fundamental distinctidns between our breeds, on the 
extent to which the chmatic factor influences nitrogen metabolism, 
on the relative efficiency of different proteids and lower nitrogen 
compounds, and on other important points. The scheme of work 
laid down is intended to collect data bearing on these questions. 

Tor the present owing to the disturbing factors a considerable 
amount of work vdll have to be done to (>btain results approximating 
to normal conditions. 

All this work has been very greatly facilitated by, and much of 
it has only become'pos^ifrle through the use ofm new form of nitrogeir ^ 
metabolism apparatus which was devised by me and set up at Pusa 
a year ago.i With the aid of this apparatus a ryhoTe sefies of nitrogen • 
metabolism experiments was commenced. As soon as funds ase 
available for the’ purpose, this wqrk will be taken up at Bangalore ’ 
on the lines already laid down.* 

Our experiments show that at times in some parts -of the % . 
country the animals are, wretchedly starved in respect to nitrogen.^ 
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even wliou the rest of the ration is ample. In such cases the outgo 
of nitrogen frwn the body (MJiisiderably e>xeeds the intake, the 
n,nimat,s hecomiug emaciated and prone to disease. A little know- 
ledge conceripng the minimum necessary nitrogen ration would 

greatly unprove matters. ,Tri 

A point deserving special attention is ^he tollowiug. When 
there is a nitrogen cfeficiency in the food the_ animal system exerts 
a powerful efiort to conserve the body nitrogen. This fact is 
strikingly shown by the total amormt of nitrogen excreted as well 
as by the form in wllch it is' e^reted. The following figures 

ilustratiug this efiect were obtained 'at Pusa. 
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These figures have a very considerable physiological significance. 

The primary result we require from the nitrogen metabolism 
work is information relating tc the maintenance nitrogen ration, 
i.e., the amount of nitiogmi which must be daily digested by an 
animal at rest to preserve its nitrogen equilibrium. 'Phe folloiviug 
striking figures obtained at Pusa show how this, fiWulamental datum 
line is determined ^ . 
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The figures show that the animal requires to digest somewhat 
less than 13-9 grq^nmes nitiogen per day to maintain iteplf- It 



^ RKSEAROrr^WORK ON ANIMAL NETRITION IN INDIA fiOa 

slioukrbe stated liere that the nitmgeix immteiiiirm- ration for 
the paiticulai food in C|liestioH works out to at)0iit*34 gi'aninies, 
uitiogeii (pait being undigested), which slioWvS that unless tlie fullest 
iiiforniatioii is obtained nutrition data may be most misleading. 

Another point to \?a obserTed is that a single short peiiod 
test of the aiioAre natilre might give entirely iiisleadino* results. 
Tliis is due to the fact that tvlien feeding is not altog'etlier wroiK^' 

. ■ ; ^ , w O' O ' 

the animal system is able to adjust its income and outgo of nitrogen 
to a wonderful extent and can mantain an approximate balance 
foi‘ a considerable time before it^breaks down. Fortunately wdtb 
the apparatus set up at P^sa and the scheme of work adopted 
there it is pos.sible’ to carry out the tests over long pei-iods. If this 
work can be continued at Bangalore we may, with confidence, 
expect to obtain significant results on 1;his scientifically intei'esting 
and practically important question. 

3. Mmntenance ration. Passing from the nitrogen mainte- 
nance ration we come to the third subject of enquiry, namelv, the 
complete mainteirance ration. Figures for maintenance rations for 
cattle in India are urgei:^tly wanted ; for even when digestion 
coefficients are known can do nothing until the requirements 
of our Indian breeds have been ascertained. 

To obtain more perfect knowledge on this subject elaborate 
apparatus will eventually be necessary. For the present Ave can 
obtain useful data by combining nitrogen metabolism determina- 
tions with digestion experiments, by suitably adjusting the food 
supply and by continuing the tests over long periods. This procedure 
was adopted at Pusa. Thq,results obtained in some tests, which have 
been reported in the’“ Agricultural Journal of Tndia ” (Vol. XVIII, 
p. 459), Avere as follows : maintenance ration for a l,f)00-lb. bullock — 
0-52 lb. protein, 6'5 lb. carbohydrate and 0-28 lb. fat. 

These results 9.1 e no more than a fixst approidmation ; they**’ 
must be checked and elab'orated by« other tests on the same lines. 
Further work will no doubt prove the local (Bihas:) bullock to be 
a very thirfty animal. 

4. Coarse fodders. The fourth and last subject is concerned • 
Avith the digestibility of coarse fodders. Only two aspects of this 
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question, which are of special importance, can be briefly alluded to 

here. ” r, ’ . , 

'^a) The usual procedure in foodstuff analysis differentiates 

betwepn ci’iide. fibre, the residue which is not attacked by chemical 
treatment, and the nitrogen-free extract which is completely dissolved 
by chemical means. It is well known that in some cases the 
chemically insoluble crude fibre is digested with greater lacility than 
is the readily soluble nitrogen-free extract. In such instances, 
therefore, the chemical pocedure has failed to differentiate clearly 
between digestible and indigestible constituents. 

We have found that this failure of the chemical process is much 
more marked in our experiments with Indian fodders than in tests 
recorded from other countries. 

To shed light on the discrepancies and hence to obtain a better 
understanding of the digestion capacitie-, of our animals, we are 
studpng in greater detail the digestion of the various carbohydrates 
contained in coarse fodders. 

(b) The work of digestion of such coarse fodders, is excessive. 
Some animals would certainly expend more energy on the digestion 
work than they could derive from the food/digested— a process which 
is more wasteful to the system than simple starvation. Oar task, 
therefore, is to find out the extent to which our breeds of cattle 
can avail themselves of these low forms of energy. It is worth 
observing that information on the potentialities of coarse foods 
would be specially useful in seasons of scarcity. 

In such a brief statement of the case it «i3 impossible to do 
justice to the importance of the subject. . If, however, we take into 
account the fact that in no country in the world are cattle obliged 
to subsist on coarser material than they have to do in India, it 
will be admitted that we must consider this problem also to be 

"one which concerns us ^ecially. 

This is a main outline of the^work initiated at Pusa. Associa- 
tion with the dairy work at Bangalore will undoubtedly bring to the 
front*^ nutrition problems connected with milk production and the 
' growth of young stock. 



THE CONTINUOUS GROWTH OF JAVA INDIG5 
IN PUSA SOIL.* - 


ALBERT HOWARD, C.I.E., M.A., A.R.C.S., 

Imperial, EcorKMic Botanist ; 

% 

^ ■ AND 

••H 

^ • • 

- GABRIELLE L. C.^HOWARD, M.A., 

Second Imperial Economic Botanist. 

In previous publications,! including a paper read befare the 
last meeting of the Agricultural Section of the Indian 'Science Congress 
(Lucknow, 1923), we have brought forward a good deal of .evidence 
which bears, on the theory of phosphatic depletion in the soils of 
North Bihar. » 

In 1919 and subs§!5[nent years, when the rainfall was scarcely 
more .than sufficient for growth and when floods did not occur, 
Java indigo did well in Bihar. In 1919 for example, many of the 
Bihar estates, for the first time after many years, reaped an excellent 
second cut of indigo. The fact that-^good crops of indigo are 
obtained when a moderate and well distributed rainfall occurs 
without floods and the circumstance that poor yields are always 
obtained when excessive rainfall and floods, £tfe the rule are difl^ 
cult to reconcile with a soil depletion theory. Such occurren- 
ces, however, readily fall in with the view that ti^e raal cause of the 
difficulties met with in Bihar is the water-logging of the pofe-spac^S. 
Further, a consideration of the general rural eqonomy of th^ indigo 
tract, the fact that this region wt only supports a dense population ‘ 

* A iiaper rend before the Agricultural Section of the Indian Science Congress, •Bangalore, 
1924. 

^ Jour, of the Boy. Soc. of Arts, LXVII, 1919, p. 762 ; Mem. of the Dept, of Agri. in India 
(Botamcal Series), XI, 1920, p. 1 ; Agri, Jour, India, XVIII, 192^ p. 148. 
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but also exports large quantities of oil seeds, tobacco, food grains 
and work cattle, and the circumstance that' the cultivators never 
apply^phosphates to their land, lend no general support to the 
view that tfes artificial manure i^ iiecessai}'. 

Is it possible to design a simple and crucial experiment the 
results of which wiU finally decide this depletion thebry ? Direct 
field trials A\dth superphosphate have not yielded definite results. 
Some other method of experiment, in which ail disturbing factors 
can be removed, must.hherefore^ be devised. If we take a definite 
volume of the ordinary soil, includpig the sub-soil, of the tract m 
question, place it in a lysimeter providedewith am^le drainage and 
gro^^' Java ifidigo continuously in the same soil without the addition 
of any phosphatic manure at any stage of the experiment, the yields 
obtained' ought to show a progressive diminution if the natural 
supply of phosphate is a limiting factor. h>uch an expeiiment 
was started hf June 1919 and has been continued till the present 
time. Tim area of the lysimeter was one-thousandth of an acre 
and the'depth of soil 28-5 inches. The results are given in the 


following Table 


Table 1. 


The continuous growth oj J cwu indigo vn Pusu soil. 


Details of treatment and yield 


Total annual yield 


jni9 \ 


June 23 — Indigo sown 


< Oct. 11— Crop cur, tts, 12 ch. 


f June 19 — exit, 4 s. 5 ch. - . 
W20 < Aug. () — Second cut, 1 s. o ch. 

j 

I Pot. 31 — Indigo resown ^ 

'■ - .:■■■: , 

[ June 7 — I’irst cut, 11 s, 2 ch. . . 

i ^ 

921 < Aug. 2 — Second cut, 7 s. 12 ch. 

I Oct. 30— Indigo resow 


o 10 The lysimeter \^•as 
^ not resown in 
October 1919. 
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Details o? treatment and yield 


Total annual viekl 


May 22 — First cut, 5 s. 13 eh, . . 

July 8 — Second cu^t, 3 s. 12 eh. 

Aii^. ^ 1 — 400 grammes (8 cwt. per acre) of 
sugar %nd 200 grammes (4 cwt. 
per acre) of sulphate of ammonia 
added to the surface soil 

Sep. 27 — Third cut, 5 s. 12 ch. 

Sep. 27 — Upper 9'“' of soil mixed with 200 
grammes (4 cwt. per acre) of sugar 
and 750 grammes (15 c:§;t. per 
^ acre) of starch . . .. 

Sep. 29— -Indigo resown ^ . 


-Fir.'st cut, 10 s. 12 ch. 

-672 grammes (13 cwi;. per acre) of 
starcli added to surface soil 

-Second cut, 8 s. 11 ch. 

100 grammes (2 cwt. per ac*e) of 
ammonium sulj)hate added to 
the surface soil 

-Third cut, 4 s. 15 ch. . . 

-Indigo resomi . . .. 


It will, be seen that not only has the yield not fallen off but 
it was actually higher ing923 than in any previous year. 

No change was ol^erved in the character of the growth till 
July 1922 — a year of heavy rainfall — ^when the permeability of the 
soil began to diminish and drainage became more difficult. In 
August 1922, the growth began to show all the signs of nitrogen 
■starvation and the leaves turned yellow. The addition of sugar 
at the rate of 8 cwt. per acre and of sulphate of ammonia (4 cwt. 
to the acre) soon ©hanged the colour of the leaves and also stimulated 
growth. The sugar wa,^ added to provide carbohydrate for the 
nitrogen-fixing baCteria. So rapid was the improvement that the 
third cut of 1922 was practically equal to the, first. Sugar and 
starch were added to the surface soil befoJe the lysimeter was 
resown in 1922. ,The starch provided a pm’e form of organic mattSf, 
free from phosphate, which could* easily lie incorporated w’th the 
soij. These materials stimulated growth considerably and also 
improved the texture of the soil. So rapid w>'as the growth that 
a good deal of watering’ was needed in the hot weather and early 
rains c£ 1923. This, after a time, began to impair the permeability. 
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cut on July Sth., tlie porosity of the soil began to 
n. extent that many of the old. stumps did not form 
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left ii\ several plates a definite air space between the wall of the 
lysimeter and the soil. ’ The best plants were nearest the edge. In 
the centre, none survived. In intermediate positions, the plants 
Avhich grew did not do so well as those near the masgin. These 
results are ^explicable on the basis of the water-logging of the pore- 
spaces but are difficult to understand on the t]^eory of phosphatic 
depletion. As only a small number of plants contributed to the 
third cut, the yield in October 1923 was much higher than was 
expected. The average height of ^ the plants was 57 cm. The 
sixth crop, sown on October 2n^ last, is doing well and so far no 
signs of failure have beeir observed. * 

The yields oI)taiued under these artificial conditions are 
remarkably high and exceed many of those obtained on the indigo 
estates. This is surprising considerirfg the depth of soil available 
is only 28‘5 inches, much less than that made use of by the ordinary 
crop. Further, no rotation is practised in the* lysimeter and the 
land has ho rest from indigo. The new crop is sown immediately 
the roots oJ[ its predecessor are picked out of the soil. The only 
cultivation, beyond surface cultivation,*given to the lysimeter is the 
removal and immediate»,feplacement of the soil just before sowing 
so that it can be thoroughly aerated. If the supply of phosphate in 
the Pusa soil is really deficient for the growth of indigo, how are 
these results possible ? Five years’ continuous cropping with 
indigo, without the addition of phosphate at any stage, ought to 
show a marked dimiimtion of yield. Oi? the contrary, the fertility 
is increasing now that a suitable method of improving the permeabil- 
ity and the content of oi^anic matter has been adopted. 

The only soil deficiency observed in this ’experiment has been** 
loss of permeability followed closely by want of cpmbmed nitrogen. 

A shortage' of nitrogen was expected as expefience had taught us 
that Java indigo, although a leguminous plant, makes great demands 
on the ilitrogen supply 'and rapidly impoveriK^es the soil.* The 
diffi,culties in drainage were somewhat of a surprise as the soil 
used was above the average in porosity and good under- dfainage 
was provided in the lysimeter. Loss of permeability is a serious • 
factor in the rains as the pore-spaces then become«ufiused with water 


612 AGBICULfUEAi* JOUKNAL OF INDIA; ^ [AlA, ¥1, 

■ . . . f ^ 

and draina.s;e stops. Tlie soil assumes a wet, jfeUy-like condition, 
well known toiiilie cultivators. Tlie indigo plant rapidly reacts to the 
watef-logging of the pore-spaces. Growth slows down, the active 
roots hegin^o show marked aerotropism and grow right up to the 
surface of the soil. The remainder soon die. When the old crop 
of the lysimeter is ^removed in October, ther.ouly actfve roots left 
are those in the xipper inch of soil and those in the drainage layer at 
the base. No active roots occur in the intervening layers. This 
loss of permeability which, in all probability, is due to the formation 
of colloids, must very soon lead to a^shortage of air in«the pore-spaces 
‘ and must profoundly modify both the fl.Qira and the chemistry of the 
soil. ' Is it.possible by the addition of soluble salts or of substances 
like sulphur, which yields small quantities of dilute acid on oxidatioir, 
to prevent the formation of oi-to remove these colloidal substances 'i 
Pj-eliminary experiments with sulphur and dilute sulphuric acid 
have' markedly -increased growth during the rains and have acted 
on the plant like dre.ssings of nitrogenous manure.^ Tire subject 
is one which might well repay further study not only on the alluvium 
but also oil the black soils.' It is not impossible that the results 
obtained with green manure and superpli^phate during the rains 
arc concerned with this question of soil colloids. It is well known 
that traces of acid have a profound indueni-e on colloids. 'Super- 
phosphate, when added to the highly calcareous soils of Bihar, 
i-apidly reacts with the calcium carbonate present reverting to the 
insoluble calcium tri-phos^hate. It not only acts as a dilute a,eid 
but also produces carbon dioxide as a by-jiroducrt- Such a reaction 
might easily prevent the formation of or remove the colloids present. 
"In doing so it would 'improve the aeration aiid tlie cfficieney of the 
green, manure. It is hoped that further work will be done on this 
subject and that' nor pains will be spared to work out a detailed 
'eicplanation of this interesting case.® 








SELF-STERILITY IN GRAPES 


G. B. DESHBIUKH, B.Ag" 

Bombay AgricuUural Deparlment, Kirhee. 

Certain centres in tlie Bombay Deccan are among the most 
important locations of grape cu^tme in India, and Nasik in particular 
has a very wide-spread reputation for the fruit "which it produced. 
The variety usually cultivated there is knowm as Bhokari, and while 
this is one which yields Avell, it is by no means of the highest quality. 
Two other varieties are actually found grown at Nasik, known as 
Phakadi and Pandhaxi-saJiebi, which give very much better grapes, 
but their yield is relatively so small that their cultivation cannot 
' extend or become profitable. 

The question has, therefore, been as to how to get rid of the 
shy-bearing ''character pf these superior varieties. The matter 
has been under studys^for a number of years and certain results 
have already been obtained. Thus, for instance, Gole^ at Nasik 
has had partial success in increasing the yield of Phakadi 1)y grafting 
it on Bhokari stock. Prayag^ clayns that the yield has been sub- 
stantially increased in the case of Phakadi by grafting it on Bhokari 
stock, by adopting, an overhead system of training, and also by 
making modificaoions in the method of pruning. With regard to 
Pandhari-sahehi, experiipents have been less in number. This has 
been due to the fact that though it is a far'fiher grape even than 
the Phakadi, it is a still poorer yielder than th§ latter. Of many 
methods of increasing the yield oi Pandharil-mhehi tried by Prayag 
in 1919, the only, one which really showed any promise w-as that'cfi 
overhead training, but even in thi« case the average yield per plant 
wa« still very Ioav. * 

^ Agi-i. Jour. Indin, Vol. XIV, Pt. I, p. HC. . , . . , 

2 Agri. Jour. India, Vol. XVll, Pt- T, p. 41 ; Poom Agri. OoU. ^Imj. Kepriiit Xo. 11>* 
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Now in the foreign grape-growing regions th& same dittictilty 
had frequently “Oropped up. An excellent grape has been found 
which refused to yield well in spite of every effort, and it was early 
suspected that it was caused by the self -sterility of the pollen of 
the particular variety. Thus, as far bad? as 1898, Beach^ in 
New York came to t^e conclusion that while 4he amount of such 
sterilitv depends on climatic conditions, it does bear a definite 
relationship to the nature of the stamens in the flowers of the 
variety. It seemed, however, not to be due to the insufficient 
supply of pollen grains in the anfjhers. In the following year, 
\york2 at the saine centre (New York) seeiped to indicate that many 
varieties of ^grapes require crossing for the proper formation of 
the berries, and later, it was more than suspected that in some 
cases the, cause of sterility was simply the impotency of pollen 
grains of many good types of grapes. Booth® connected the lack 
of fertility with the shape of the pollen grains and their arrangement 
in the mass. Again in 1915, Dorsey^ was able to show a cdhnection 
between "the nature of the stamens and the sterility, and was also 
able, in the cases in question, 'to show that there were defects in the 
pollen grains themselves. 

In view of these results and of the. relative failure of all other 
methods in the case of ths. Pandliari-sahd)i grape, a tho'rough 
examination of the types of ^rape grown at the Ganeshkhind 
Botanical Gardens, Kirkee, was undertaken, and it, at once, came 
to light that there is a clOse relationship between the length of 
the stamens and the length of the carpel, and that while, in the 
fertile varieties, the stamens are quite erect and at least equal in 
height to the stigmh,fln the sterile Pa'iidJiaH-saJiehi, the stamens 
are shorter than the stigma and reflexed as well. 

In the fertiler varieties, the normal and the average length 
6f''the stamens corresponds with the longitudinal^ diameter of the 
carpel.'’ According fo the'' variet}j, the filament was found' to vary 
in length from one to three and hr half millimetres ; rvhile the 

^ New York Agri. Expt. Nt. Bull. )r)7, p. 397, 1898. 

‘New York Agri. Expt. St. Bull. ](i9, 331, 1899. 

^ New York Agri. Expt. St. Bull. 224, p. 291, 1902. 

‘ Jour.<mere4ity, Vol. VI, p. 243, 191.5, 
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longitudinal diameter of tlie carpel measured froui one and a half 
to three millimetres. ’ • 

Again, the study of the way in which the flowers open •shows 
probably the cause of the thinness of the bunch of gmpes even in 
the PhaJcadi vaiiety. , In BJiohari, our heavy yielding type, the 
flower opens by the’ coiolla-cap being gentry pushed upwards, 
and the stamens are held in the cap just above the stigma thus 
assuring its complete pollination ; while with the PAafeiii grape, 
the corolla-cap is flung off violently and t|ie stamens are driven 
away— to fertilize the neigli^ouring flowers or to shed the 
polleir. 3. * 

It would appear, therefore, that the lack of yield of the Pafidhari- 
sakebi grape in the Deccan is due to the fact that the construction 
and the opening of the flower are sucl as to prevent self-fertilization 
taking place, and the only way of obtaining the fruit of this fine 
variety will be to arrange for cross-fertilization* with a type 'whose 
'pollen is !bnoivn to be fertile. Experiments have been niade to test 
the accuracy of these assumptions in both 1922-23 and 192^-24 on a 
plantation of P-andhari-^ahebi at Kirkee far away from any other 
grape garden. 

In the first place, seveii bunches of flowers were left to see 
what proportion would form berries. These bunches contained 
from 135-300 flowers each (average being 222). Not one of them 
formed a berry, though they were quite healthy. All, in fact, 
dropped about fifteen to twenty days l^er. 

In the same’ plantation in 1922-23, four similar bunches of 
flowers were individually hand-pollinated with the pollen of the 
self-fertile Kali-saKebi \^th the following results* 


Nurniber cff 
berries set 


Number of flowers 
in the bunch 


Bunch 

number 
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Taking bunch numbers 1, 3 and 4, it would appear that 42 per 
cent, of the flowers formed berries. A similar result has been 
obtabied in 1923-24. Thirty-one bunches of flowers were taken 
and were pollinated simply by brushing the flower of the fertile 
variety on those of the PandlMri-saheU. The pollination in each 
case was effected between 9 a.m. and 6 p.m. and the success of 
the fertilization can be seen between fifty and sixty hours later. 

The result was in every Avay satisfactory. All the bunches of 
g];apes in all cases developed normally and were full giving excellent 
bunches of grapes of high quality.^ ^ 

" We are now able to account for Cjfirtain plants of 
saheli- variety giving a good crop both at Nasik' and at Kirkee. 
In each case, these were found to be planted in close association 
Avith a iertile type, so that wines of the tAvo intermingled, or the 
pollen of the self-sterile A^ariety AA’as easily carried to the Aoaaw of 
Pandhari-sahbi, thus enormously increasing the chances of cross- 
fertilizatibn . And there is, evidently, noAv no reason* why the 
superior type should not more AAodely extend. It groAys Avell, and 
to secure a normal yield it is only necpsary to. mix the plants, 
in every group, Avith those of a fertile f^pe, or even better, to 
take the trouble to fertilize the bunclws "of fl<AAvers by hand wnth 
a’ fertile type in the way described above. 

The result Ave have obtained may have a still wider application 
than to the PmuUmri-sahehi type in the Deccan. In every grape- 
growing area, there are fecelient grapes which give little or no 
fruit. The cause may be similar to that found in the present 
case, and it may merely mean more adequate proAUsion for cross- 
-fertilization of the flowers, to convert these SterHe grapes into types 
of high productive poAver. 



THE PART PLAYED BY BRITISH EMPIRE IN THE PRODUCTION 

OF RAW COTTON.* 


W. H. HIMBURY, 

Of the British Cotton Grdtmng Association 


This subject i,>' one of tlie utmost importanc-e to ^reat Britain, 
9.S tlie provision of new areas for increased supplies o! cotton vitally 
concerns the future prosperity of our great cotton indu!3trWiu tliis 
country. Mifcli ba.s been written about this problein in papers 
and pamphlets which the British Cotton Growing Association has 
issued from time to time^idin this paper I shall necessarily have to 
go ovef much of the ground again, but the subject is of sufficient 
interest to justify any repetition. It is hardly necessary to empha- 
size the vast economic importance ol^ the cotton trade to the welfare 
of Great Britain ; it is the largest manufacturing industry in the 
country, and it is jjherefore a matter of grave concern to manufac- 
turers that additional sources of supply should be established over a 
wider area, in order4o J>revent, as far as possibiej the occurrences of- 
shortages in supplies of the raw material — whether brought about 
as a result of climatic conditions, insect pests,,or the ^operations of 
speculators, etc. In normal times Great Britain requires for her owju- 
use over 4,000,000 bales of this 4>out IB per cent, was obtained 
from the United States, the remainder chiefly from JSgypt, Brazil and 
other foreign countries, and only a comparatively small proportion 
from within the Empire. , Special attention must be drawn to the 

'> Reprinted from Jour, Tex. Inst., XV, ^ 
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present position as regards the American supply, the insecurity of 
which is the danger with which we are eonfronted to-day. Eor 
one thing the crop from the United States has dwindled considerably 
in size, an^^secondly American manufacturers continue to take an 
increasing proportion of American cotton.. There seems not the 
slightest doubt that the day is not very far distant when the United 
States will require the whole of its crop for its own mills ^if the 
trend of recent years afford a true guide. Thirty years ago the 
United States’ crop was about 7,000,000 bales, but as the world s 
demands were less it was sufficient to meet all requirements at a 
price of about' one-third that of present-day prices and still to leave 
a considerable proportion for the following season, lor the period 
1901—1905 the average total commercial crop was 11,087,000 
bales, out of which America herself consumed 36-2 per cent. For 
the 1921-22 season, out of a total commercial crop of 11,496,000 
bales'; she utilized '56 per cent. For the 1922-23 season, out of a 
total confmercial crop of 11,091,000 bales, the percentage taken by 
American mills was almost 61 per cent. It is this problem which 
has SO seriously alarmed thoughtful students of the situation. 
Of course, during the past two years th^cotton industry in this 
country has passed through a period of deep depression, and it is 
not surprising to find that the consumption of cotton has been 
somewhat reduced. , 

Attention has been repeatedly drawn to the grave damage 
done to the crop in the United States by the Boll-weevil. In 1912 
it caused damage to the extent of 3 '26 per cent, of the crop. In 
1921 these figures had increased to 30-98 per cent, of damage. The 
menace of this pe^t '‘cannot be over-emphasized, and the enormity 
of the damage niay perhaps be better illustrated when it is men- 
tioned that In i92i-22 the acreage under cotton was 31,678,000 
nd the resultant crop 8,375,000 bales. In 1922-23 the acreage 
undef cotton was 34,016,000 and the resultant crop 10,338,000 bales. 
For the present -season of 1923-^4 the American farmers planted 
39,224,000 acres, and the result is estimated to yield 10,200,000 
bales. No certain remedy for the destruction of this dreaded 
pest has yet been^discovered, although several partially successful 







PEODUCTION OP EAW COTTON IN BEITISH EMPIRE 619 

attempts have Tieen made to keep it under. It inflicts special 
injury on the longef staple, because where the Boll-weevil is 
prevalent the tendency is to plant only early maturing *cotton, 
which is short and generally unsuitable for fine -^irnts. From 
this it seems certain >that the shortage of American cotton is now 
likely to lie constairtly recurring if not a permanent difiiculty. 
Then with regard to the Egyptian crop, we are also on the short 
side in quantity of production. Bg 5 q)tian cotton fills a place in 
the British industry which Americ|.n cotto^ cannot occupy. Before 
the war the Egyptian crop h§.d reached a total of approximately 
7,500,000 kantars.* During the war period it fell to under 5,000,060 
oh one occasionr hut there was some improvement 4n 1920 and 
again last year. One of the principal factors in the diminished 
supply is the low yield per acre which is partly attributable to 
(a) the degeneration of the productive power of the soil due to 
several causes, and (b) the ravages of insect pest§,« chief amongst 
which is the Pink Boll- worm. Furthermore, during the war 
schemes for, irrigation, drainage, reclamation of land, etc., had of 
necessity to’ be abandoned or suspended. Various -attempts have 
been made to restp^j^fc the depredations of the Pink Boll- 
worm, but so far no absolutely efficacious remedy seems to 
have been found. During 1919 a Cotton Research Board was 
created. It is composed of Hea(^ of Sections of the Mnistry of 
Agriculture, assisted by various officials in other Ministries in the 
Egyptian Governijient. The Board’s function briefly is — to 
advise the techaical section of the Ministry of Agriculture; to 
co-ordinate scientific experiments ; and, in addition, to ensure the 
maintenance and' improvement of the quality and quantity of' 
Egyptian cotton. Extensive laboratories have, been staffed and 
equipped and many experiments started ; ifl fa’ct, much praise is 
due to the activities of the new organization which has devoSed ^ 
already 'much study to improving*the yield and* quality of Egyptian., 
cotton. It is difficult in days* such as these to say very much 
as to the course of prices, but if we eliminate the purely speculative 


* 1 kantar=5^99*5 lb. 
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view, the trade position seems to be that annudil and potential 
siTpply of the ralv material is definitely inadetiuate for the require- 
ments e-f the world. The demand for American cotton is proceeding 
to-day on adbasis exceeding 12,500,000 bales, whereas taking the 
last three years the supply from America is 2,000,000 bales below 
this figure."^ There is po doubt that the future for cotton textiles 
is soimd, because after all they form one of the cheapest 
forms of clothing, providing garments for the most backward and 
impoverished people oh China, Africa/ India, etc., who can only 
afford a comparatively small amoupt wherewith to ^purchase the 
cfoth they use for clothing. If the material is dear they have to be 
contenf with a smaller quantity, and consequently the demand 
per head is proportionately less. Therefore the question of increased 
cotton supplies must he looked* at from the broadest point of \'iew, 

so that the manufacturing industry may be provided with ample 

I A mil. f,p.vin.l at a reasonable price. This can only 
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permanent estabKsliment of cotten-growing in Africa and, in fact, 
in all tlie otter new of potential fields. At tlie moment progress is 
retarded by inadequate transport facilities, even in districts, where 
the industry is of, long standing. After this short -sijietch of the 
position to-day, I Avill #low pass on to deal with the part our Colonies 
and Overseas Dominions have played in helping to augment 
the world’s cotton supply, and will first of all deal with India, 
and would point out at the outset that in weighing up the 
possibilities for cotton in any country whh adequate transport 
facilities the three most important factors to be determined are— 
(1) suitable soil ; (2) suitable climatic conditions; and (3) sufficieift 
labour. * . • 

India. India is already a large cotton-producing country, 
about five million bales of 400 lb. beifig produced in 1923. . The area 
under cotton in 1922-23 was 21,792,000 acres, and the yield 5,075,000 
bales of 400 lb. each. In 1923-24 the total a*rea ^scwn ambunted 
'to 22,941,000 acres, and the total estimated yield S 5,042,000 
bales of 4Q0 lb. This gives an average output per acre of 88 lb. 
of lint, as Compared with 93 lb. for the previous year. The 
principal cotton-growi«^ Provinces and States are — Bombay, Central 
Provinces and Berar, Hyderabad, Punjab, Madras, Central India, 
and the United Provinces. India consumes internally more than 
half her total crop and, further, more than half of her yarn pro- 
duction is counts of 20’s and upwards, counts above 22’s forming 
nearly 20 per cent.^of her total producSon, and as this is the style 
of cotton approashing that suitable for our trade, I propose to deal 
with this quality only,, which is estimated at 1,400,000 bales, over 
1,200,000 bales of wliich is required for ITei* own consumptiofi,- 
plus roughly about 200,000 bales for export, the,bulk of which goes 
to Japan. Japan is India’s best customer for cotfon, purchasing 
between 1 million and 1-| million bales, five-sixths of which* Is ^ 
very shOrt staple cotton’, unsuitable for tie requirements ofLanca-^ 
shire. In order to assist in expediting the woi-k of the provision 
of suitable seed for distribution and growing of improved "bottons,^ 
the Grovernmeht of the ’Punjab has obtained the assistance of th^ 
British Cotton Growing Association in the deWopment of an area 
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of land at Khanewal for the growing of cotton by iinprovecl metliods, 
and incidentalfy the pio\dsion of seed for l^he^ local farmers. This 
estatedias an area of 7,300 acres. It is laid out in four villages, each 
with its owi*- mosques and other institutions. The land is let in 
blocks of 25 acres to tenants, who must possess two yoke of oxen 
and have three woi;ldng members in family. A tenant receives 
50 per cent, of the proceeds of the crops grown. The project lias 
attracted great interest- and its methods are being copied. Tire 
principal varieties of cotton giow^ are the American types, 4F, 285F 
and a further improved type 28911. The great trouble in India 
is that although cotton is being produced nine months out of the 
twelve,' owing to the variation of climate the actrfal growing season 
in all parts is a short one. In the rain-grown areas the rains are not 
always well distributed, and in the irrigated colonies in Xorthern 
India there axe frosts, and these are mainly A'he reasons why the 
shorter and mere quickly maturing varieties now being produced are 
so popular. Again, the native is very conservative and prefers 
to grew something of which he is sure, besides which he-is not rich 
and cannot afford to take risks. - This meaps that continual exjieri- 
ments are necessary to produce a plant ^^ich will mature fairly 
early, possess a longer staple, and give ^ yield comparing favourably 
with the local types. The most satisfactory districts for such 
developments are the canal colopies of the Punjab and Sind, and by 
careful selection and breeding the agricultural staff have already 
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1 accord with tlie relative value of his better produce, and some effort 
must be made to prevent the mixing of American and Indian types at 
the ginnery. At the moment it is openly done without the knovsledge 
that it is harmful in the extreme. India possesses -^n excellent 

; ' agricultural staff, which has done valuable work in the improvement 

of all crops produced” in that country. The ,A.grieultural Service 
’ is, however, deserving of augmentation, but unfortuijately like many 

other countries the aftermath of the great war has brought about 
! many changes, arrd tliere is little h^pe of increasing the European 

staff ; on themontrary, there is ^ome considerable danger of decreas- 
i' ing it. Fortunately for the improvement of cotton -growing, the* 

' formation of the Indian cfentral Cotton Committee, which’under 

|! [i ■ , . ■ : ■ ' 1l . 

: the Tjidian Cotton Cess Act (XIV of 1923) was incorporated as 

, ' a permanent body and its constitution laid down in the Act? is most 

opportune. It is presided over by the Agricultural Adviser to the 
' Government of India, and comprises on the officii si(|e?the Director- 

I 'General ol Commercial Intelligence, seven representatives of Local 

Governments, and four of Native States ; on the business side it 
comprises nine -persona ^rominated by commercial •organizations, 
one representing the S^rpire Cotton Growing Corporation, four 
representing- cotton -manufacturing or cotton-ginning industries 
in the Central Provinces, Madras, and the Punjab, and ten persons 




representing the cotton-growing in(|iustry in Madras, Bombay, the 
United Provinces, the Punjab and the Central Provinces. It 
receives its funds ^rom a levy of four annas per bale on all 
cotton consumed ’ in Indian mills and exported from India. The 
proceeds will be devoted chiefly to agricultural and technological 
research. Agricultural research is largely provided for by grants to ' 
Provincial Agricultural Departments for the; midertaking of 
specific investigations beyond their ordinary 'activities. Provision 
for technologicaU research will be made^ by the Committee und'Sr . 
its own’ direct control’ A sMieme for the* setting up* of a ^ 
miniature spinning plant which contains both ring and mule 
spindles, including combing machinery, has been developed, ^ 
and the testing room fe fully equipped with the most modern** 
instruiilents.. 
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The Sudan. This is an immense country— roughly halt the 
size of India. 'There are fair prospects for* growing cotton in the 
Dongola and Berber Provinces, but owing to the spare rainfall 
irrigaticjn from the Nile is necessary, and the difficulty is that the 
water can only be utilized for certain months in the ve^r, as it is 
There are also good prospects for American 

Renk and Eoseires, but 
the Sudan which are more 


required for Egypt. 

cotton in the rajufall areas south at Senga 
there are other larger propositions m 
certain ard which can be more quickly developed by irrigation. The 
first in importance is a large traot of land south ot Khartoum, 
between the White and Blue Niles, knC'Wnras the Grezira Plain, which 
comprises ah area of 3,000,000 to 4,000,000 acres which is capable of 
cultivation by irrigation. Although in appearance this plain looks 
absolutely flat, the land has a' slight slope, giving it a well-defined 
fall from the Blue Nile in the east to the W'hite Nile in the west, 
which simplifi'es the*^ problem for both irrigation and drainage. The 
scheme ^for cotton-growing in the Gezira was initiated by the late' 
Lord Kitchener, and an agreement was entered into lyrth a strong 
group of capitalists to provide the money rfor the commercial part 
of developing the undertaking. This body^ds known as the Sudan 
Plantations Syndicate, and they ha ve" done remarkably valuable 
development work. The scheme is as follows The crops are 
pooled. The Clovernment of th«» Sudan piovides the land and water, 
for which it receives 35 per cent, of the gross value of the crops 
produced. The growers receive 40 per cent, oi-the same, and the 
Sudan Plantations Syndicate, who make the minor'canals, plough the 
land, generally supervise the cultivation, pravide ginning and storage 
' facilities, and look after the marketing, gets-'25 per cent. Opera- 
tions were started by means of pumping stations erected on the 
Nile, first at Tayiba* later at Barakat, Hosh, and Wad el Nau, 
and as a result some 20,0Q,0 acres of land have been irrigated and now 
“ produce about 20,000 bales of 500 lb. each. The Makwar Dam, 
nea'r Sennar, 1| ihiles in length, stretching across the Blue Nile, is 
now in course of construction by the Sudan Governnrent, the 
consulting engineers being Messrs. Goode, 'Eitzmaurice, Wilson and 
Mitchell, and the contractors Messrs. S. Pearson and Son, Ltd. It 
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is ex|)ected to be uonipleted by July 1925, when sufficient water will 
be available to irrigate 100,000 feddans,* providing from 80,000 to 
100,000 bales of cotton. The quality of the cotton produced in 
the Gezira is Sakellarides, which compares most favourably with 
the best Egyptian types. An adverse factor which cam§ to my 
notice when” in the Sudan was the damage caused by insect pests. 
The Sudan, like Eg}q)t, is free from the Boll-weevil : it does not 
suffer from the Pink Boll-worm to any great extent, but the 
country is not entirely free from other pests, one being the cotton 
Thrips, which , injures the plant by feeding* on the -tissues of the 
leaves and bracts. Aphis ^s another pest also fairly dommon. • 
As previously stated, there are other propositions in the Sudan, 
but of a minor character — the chief being Kassala, Tokar and 
Gedaref. • 

Kassala is situated some 250 miles east of Khartoum. The 
rainfall here is about 20 inches and coincides with tlje inundations 
■* made by 'the river Gash, which rises as a result of the rains in 
Eritrea, Abyssinia, the boundary being only a few miles distant from 
Kassala. This jiver irrigates over a leligth of 60 mil^s, then loses 
itself in the desQrt. TJ^e soil at Kassala is exceedingly good, it has 
dark, rich, black clay, am where tested was from 9 to 12 feet deep. 
After fihe water from the Gash — ^which floods the land in June, July 
and August— has soaked into the soil, cotton is sown and after 
October there is no rain. Cotton hire gives from 200 to 250 lb. of 
lint to the acre ; the variety is Sakel, the*same as is grown in Egypt, 
and the staple and quality are excellent. Transport was the 
missing factor, the cotton having to be sent on camel-back to Port 
Sudan or Suakin, a digtance of 250 miles, and* the increase of cotto« , 
production was limited only to the camels available for transport. 

A railway has now been built, and joins the present* Port Sudan- 
Khartoum line at Thamiam, therefore we may shottiy expect quii;e 
an important increase in* the presept piodfictionrof 4,000 bales. 

, Finally TokaT, twenty milSs from Trinkitak, on ’the Bed Sea, 
is a somewhat similar proposition, the land here being irrigated 
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have been in others. In Nigeria the Association s mam ettorts have 
been concentrated. The populkion of Nigeria is - approximately 
18:1 millions— larger than that of a^ny British Dependency 
excepfr India. Tlie area is approximately .335, ?Q0 square miles. 
It is about half the size of the Cotton States of America. The 
inhabitants are good fanner^ and the land is closely and well 
cultivated, and the growing of cotton has been practised there for 
many’’ years, spun ^nd made into clothing for its inhabitants. The 
methods 0*1 cultivation practised by the natives themselves are the- 
result of long experience, and whether they can be irapj-oved upon 
can only be demonstrated to them and justified .adequately by 
practical proof that some other method k producti\'e of better 
results. At first in Nigeria cotton plmitations were started with 
American overseers, but these were not successful. The country 
is now divided into two separate jparts known as the Northern 
Provinces and the Southern Provinces. It is not so much from the 
Soutliern as from the No/rhern Provinces that large results aie 
looked for. In the former we have strong competition in palm oil, 
palm nuts, ground nuts and cocoa, but in the, latter there is practically 
(Toly ground nuts wKicfi go quite well as an alternative crop to t^otton. 
Again, the Northern Province is out of the forest belt. To encourage 
the small native cfiltirators to take up the growing of cotton, it was 
Sscential that a market for their crop should be pi^actically guaran- 
teed ; that is to sa/, the native should rec'eive a definite price for 
fiis seed cotton when it was grown/and the British . Cotton Growing 
Association guaranteed for twelve months ahead a fixed price, 
30 that the grower when he planted his (?rop knew what he was 
joing to get. Thisi»aa,turally was very big risk for the Association 
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to ulidertake, fo 2 althougb. at times profits were made, at otliers 
lieavy losses were incurred. All the ginning is in tke hands of the 
Association, four large up-to-date pneumatic ginneries being in 
commission along , the Lagos-Kano Eailway at intervals of about ^ 

60 miles. In recent years determined efforts have been made by the 
Department of Agrisulture, in co-operation with the Association, 
to improve the cotton coming from Nigeria ; the Agricultural 
Department of the Northern Provinces successfully established a 
type from the American long-stapled variety, known as Allei’S. In 
1914 the production of this tjrpe totalled 1 1 bales.* Not only did 
this improved type of cotton yi^d a heavier crop thaif the indigenous 
variety, but it’ also commanded a better price on tfie Liverpool 
market, bein§ worth about 150 points premium as against a discount 
of 100 points for the other. Consequently the Assoeiatio.ii always 
offers the native growers an enhanced price, with the result that 
this improved type is rapidly superseding the focal yariety, so that 
■, from 11 hales in 1914, 855 bales had been reached rn 19f8, 3,380 in 
1920, 8,173 in 1922, and in 1923 the total had reached 12,221 bales. 

This year the result is estimated at 17,000 bales, a reaUy fine achieve- 
ment for the Agricultufal Department. It seems safe now to predict 
steady progress in the'^oafchern Provinces proportionately to the 
increase of transport facilities, the spread of the activities of the 
Agricultural Department and general progress of the country 
on modern economic lines. * 

In the Southern Provinces, howeidir, the industry has a less 
sure foundation.. The climatic conditions cannot, ordinarily, be 
regarded as •favourab],e^to the production of a high grade cotton. 
Attempts have beenjnade to introduce an OKifbic type of cotton foi, 
tlie Southern Provinces, but have not yet met with any substantial 
success. In order to encourage the natives throlighbut the cotton- ♦ 
producing areas^to take greater care in handling *nd picking tMr 
cotton, 'Steps have been •taken for ^11 cotton to be graded by ^overn-^' 
n^nt examiners, hnd a differenSe in price is made between Gr 2 .de I 
and Grade II in^both the improved and indigenous typeSJ There i 
is no doubt that in the* course of time the steps, which have beeij* 
taken* in this respect will prove beneficial and result in a general 
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improvement in tlie quality of tlie cotton. In Nigeria we possess a 
field wliicli, with its population and suitable soil, is capable of 
becoming, next to India and the Sudan, one of tlie most important 
cotton proportions in the Empire, but this is not gping to be brought 
about without an expenditure of money and energy,^ and for 
success it would appear that the following essentials are hecessary— 
(1) The extension of the present railway system ; the construction 
of light railways to act as feeders to the main or trunk line ; and 
the improvement of roads suitable for motor and other vehicular 
traffic. (2^ The agricultural staff to be largely augmented so 
that a number of centres may be established to serve as seed farms 
and as an object lesson to the local farmers. ' \ 

I Uganda. The Uganda Protectorate covers an area of approxi- 
mately 11,0,300 square miles, dncluding 16,169 square miles of 
water, and the population was last estimated to be 3,150,000. 
It is a blackmap’s country and here also cotton-growing is a native 
industry, tlfe crop being produced by thousands of native peasants, 
Eiuopean' and Asiatic cultivation being negligible, and, speaking 
generally, this, existing system of native cultivation wbuld appear 
to be the best. The natives cultivate the^rop on innumerable 
small plots, which in the aggregate amount to a considerable 
acreage. They have really taken to cotton in a wonderful way, 
the soil is remarkably fertile, and practically every native in the 
cotton-growing area cultivates bis quarter-acre plot of cotton. 
Tire first record of cotton e'xports from Ugandi^was in 1904 when 
54 bales were shipped. In 1908 the quantity was 4,000 bales ; 
in 1914 42,000 bales, which was furtber increased in 1921 
ter 81,350 bales. Eci* the current year the wstiinated acreage is 
418,609 acres and a record crop of 100,000 bales is expected. It 
will thus be seen that it is from Uganda we are at present receiving 
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The Association is also directly established in the principal buying 
centres. With cotton practically non-existent twenty yeais ago, 
it must be admitted ’that the result obtained in so short a period 
is most satisfactory ; in fact, cotton has extended so rapidly that it 
now heads the list of sports, being about 80 per cent, of the total 
exports of the Protectorate, and reflects the greatest credit on the 
Agricultural Department and its officers. With improvements in 
transport, rrew districts will be opened up, and with a srrfficiently 
large and up-to-date Agricrrltural Department to maintain the 
quality and * supervise the distribution of seed, it* is hopefully 
anticipated that half a million bales per annum wilt be produced* 
in this Protectorate. . • 

Nyasaland. The territory comprised in tire ISTyasaland 
Protectorate is a strip about 520 miles»in length and varying.between 
50 to 100 miles in width. The area is roughly 40,000 square miles, 
or about one-third the area of the British Isles. ’The qrost southerly 
'portion or the Protectorate is about 130 miles from the 'sea. The 
soil and clipiatic conditions are most suitable for the cultivation of 
cotton a,nd tobacco — in ^fact, tobacco ’i.s cotton’s chigf competitor. 
Cotton is cultivated .cn the plantation principle. The British 
Central Africa Co., the i!!? L.'Bmce Estates, Ltd., and James Dickie, 
amongst others, have large areas under this crop. In 1915 the 
acreage under cotton was about 29,509, but some reduction took 
place during the war period, largely due to cotton land being used 
for tobacco owing to the better price obtained. The yield per acre 
varies, but with proper care in the selection of land larger yields 
may be expected. Cotton is also groivn by the natives as a native 
industry, and they’ in.’ many cases produce ^od crops, and it ha« , 
been recognized that what was wanted by these growers was a 
steady remunerative price instead of greatly flucfuating prices, 
so that the possibilities in the production of cotton <!ould be prov^* 
Nyasaland cotton generally is excellent in quahty, silky, and from^^ 
l-g-jin. to ly^ in. hi staple, but tpo much of the Qotton is stained as 
a result of insect^ pests. Steps are now being taken with a*wiew to 
combating these pests. ‘The first recorded export of cotton from^. 
Nyasaland was in 1902. The crop in 1916 •seached the highest 
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recorded %ure of 3,462,000 lb. During tlie wai^ tlie necessity for 
producing natiye foodstuffs for the local forces combined with the 
very high prices for tobacco caused many planters to abandon the 
cotton indi^try. The native cotton crop also^ received a check, 
but proofs are not wanting that renewed interest is being taken in the 
industiy, and with the view of encouraging the pioduction of cotton 
by the natives, the British Cotton Growing Association has ejitered 
into an agreement vdth the Local Government, under which tiie 
Association for a period of five years purchases ail native cotton 
grown cn Crirvu lands in certa^in districts at a price to be fixed 
annually. By' this means it is hoped t^o give the native grower 
that stability of price without which it was felt that' he would never 
be encouraged to persevere in his efforts. The utilization of agricul - 
tural implements and mechaiti(;al means of tran.sport is releasing 
manual labour either for extended agricultural operations or for 
absorption intp native industries. The construction of an extension 
of the rarlw.ay from LucheiiKa station on the existing Chindio* 
Blantyr€ Railway to the south end of Lake iSTyasa is undej* considera- 
tion. The opening of the new Trans-Zambesia Eaibvay between 
Beira and Muraca oh the south bank of the Za^.ibesi opposite Chindio, 
in July 1922, has already greatly facilitated transport ,to and from 
the Protectorate. Until a bridge is constructed across the Zambesi, 
connection with Chindio is effected bv steam ferry. Boll-worm is 
mainly responsible for the very low yield per acre, but the matter 
is receiving the earnest attention of the local .igriculturai Depart- 
ment. A “ Cotton Pest ” iVct lias been eiiacted »^ind every cotton 
bush in the country, both European and native, must be uprooted 
, mid burnt before the '■end of November, and the results of these 
methods have been found very satisfactory. 

Tanganyika 'Territory. Tanganyika Territory, whicli was 
formerly German Bast Afiica, is a large tract of country of some 
365,000 square miles, the popuhi-tion of 'the area unden British 
mandatory rule befog about 4,000,0(50. Before the war tiie Genn#ns 
had demted a great deal of attention to the development of cotton- 
growing. This qountry does not, however, posse.ss one large 
uniform cotton but a number of districts the conditions of 


f 


' PEODUCTION OP RAW COTTON IN BRITISH EMPIRE 631 



wliich are ratliei’ diverse, and eacli district requires to be treated 
separately. During the war period, and for a little time afterwards, 
the industry was allowed to lapse, but an agricultural st|ilf was 
appointed as sooi\ as practicable and is now at workj^ Oue of the 
districts which showed promise of success is that immediately south 
of Lake Victoria, known as Mwanza. The Association has erected 
two ginneries in this district, but the prospects are very uncertain, 
owing to transport and other difficulties. Of the otlier areg,s the 
principal ones are Morogoro, Kilwa and Lindi, and serious attempts 
are being made to foster the cultivation of cotton as a native 
industry. The 1921 croj^in Tanganyika produced 1.327 bales, atsd 
that of 1922 6l2T6 bales. In tliat year there was an .appimimate 
increase of 25 per cent, iri the acreage planted, but bad weather' 
and pests caused an unfortunate Ml in the yield. Thq estimate 
for the 1923 crop is ^10,125 bales, ’iflre native producers have been 
encouraged to sell all the cotton grown by th5m ai]d tliere is little 
’* local consumption. In addition to the native industry, cotton is 
now being, grown on a number of estates under European* manage- 
ment, eithel as a full-time or rotation crop, wffiich yiight w'ell lead 
to greater developments. 

Kenya. The territories comprised under the name of Kenya 
Colony and Protectora+e, until recently known as British East 
Africa Protectorate, consist of about 240,000 square miles. On tire 
west tbe colony adjoins the Uganda Protectorate, and on the south 
the mandated Tai^anyika Territory. •The high prices ruling for 
cotton in 1919 a«d early in 1920 caused some attention to be given 
to cotton by Europe®.!^ farmers, and a small acreage was planted 
on their estates hloag with other crops. 4n* the Kavirondo <mfi 
some of the other native reserves a large extension of the area under 
cotton was also made. In order to develop tbe agriertltural resources 
and wealth of the colony, it is essential that native agrieuHsute ^ 
should be fostered, but ilr any circninstauees progress iirust inftvitably^*^ 
1)6. comparatively slown and. to succeed in efiaoting a substantial 
improvement in^ native agricultural practice and an iftcreasing 
production, a large number of instructors are required. Hithertjf 
cotton-growing in Kenya Colony b.as not beef^a success, preference 
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being given to other crops. The local Government has now elabora- 
ted a certain policy of native development, 'and with an extension 
of the jailway system, a vast acreage of native relerves and European 
owned land^vill be opened up. 

Union of South Africa and Rhodesia. Since 1910 cotton 
has been exported from the Union of South Afe'ica, but the quantity 
UD to 1916 w'as not very large. In 1919 it was about 2,000 bales, 
and for the last season about 6,000 bales. Cotton is grown on 
plantations and on land owned by farmers, and not as a native 
industry. Th^’chief centres of production are the Rustenburg and 
Nelspruit districts of the Transvaaf, Kat-al, and Zululand, a large 
proportion cd: which is situated on the Pongola Poort and (Jandover 
Estates. The results which have been obtained give some promise 
that the ,cotton industry is likely to become a permanent one. 
Besides those districts in the Transvaal and Natal, including Swazi- 
land and ZuluJ^nd, which are already growing cotton, there are in 
addition latge tracts of land which have a soil suitable ftlr cotton 
culture. ^ These latter districts are, however, at present uij.cultivated 
and their development must largely depend on the question of the 
labour supply. Although labour is scarce in jpany districts, and the 
mines absorb a large' proportion of then a-^ilable supply, there is 
stated to be in South Africa as a whole a certain quantity of laboiu' 
which is lying idle or dormant, but which might be put to agricul- 
tural work. In order to guard Sgainst the introduction of insect 
pests, stringent regulations have been enacted tig’ainst the importa- 
tion of cotton seed and . unginned cott.ni into therUmon from any 
other country except under Government^ supervision. For the 
^irscessful development mf cotton -growing in Sbiitlt Africa and in all 
cotton-growing countries, it is of the utmost importance to maintain 
a pure seed supply? Qne of the most suitable varieties which has 
beon produced in«the Union is the “ Bancroft ” type, and if this 
‘seed can be obtained anclTcept pyre, then it might be contiinied. 
That,most excellentqjotton can be grdwn has been proved, that th^re 
are facilities both in suitable soil and labour for growing a large crop 
is also beyond doujit, and as the Department of Agriculture is now 
tackling the prqhlemrrseriously progress should be well maintained 


1 
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Tlie newly-estabKslied Coloay of Soutliern Rhodesia is a pro- 
mising area as a supplementary source of supply. It has been 
known for many years that cotton could be grown, and no, doubt 
the present high prices will help to induce the farmery to consider 
the question of cotton* cultivation on an extensive scale, lii hlorth- 
eastern Rhodesia cottUn has also been grow fqr some years, but the 
crops for the past three or four years have not, been very large. 
This is partly due to tobacco proving more remunerative and ^iieap 
transport facilities being non-existent. Geographically, North- 
eastern Rhodeisia is a part of Nyasaland. Transport's the problem, 
and it is doubtful if thera can be any large development until thad 
territory is connected by railway with either the« Zambesi or 
Blantyre. 

Australia. It is now clear th^t certain parts of the .Common- 
wealth of Australia aje capable Df producing cotton of high standard 
and staple, and great efforts are being made to* establish the ^.otton- 
growing industry. The Association has taken an interest in cotton- 
growing im Queensland for a number of years, and the following offer 
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30,000 ^aci’es will be planted in New South Wales thipS year, d’he 
North-west ijf Western Australia and the Northern territories 
also hav% possibilities. I’he development of cotton-growing in 
Australia has two interesting feature, s. One' is that onlv wiutc 
labour is eniploj^ed, and the other is that the industry i.s being 
develQped along lines tending to confine cotton production to small 
areas and incidental to other farming opemtions. The (Jonnnon- 
wealth and Sta?e Glovernments are doing all they can to encourage 
the cotton-grovAung industry, and have ivlopted a bold policy of 
guaranteeing, a price up to o\d. per lb. for all first quality seed 
cotton delivered at the ginneries. The quality of the cotton is 
excellent. , The Queensland Glot'ernment have further legislated to 
prohibit the cultivation of ratoon cotton. Ti\e Boll-weevil i.s not 
yet knfiwn, but therS are other pests such as the Boll-Avorm, etc, ; 
therefore b^' prohibiting ratooning and insisting on the ofcl plants 
being uprooted and burnt every year, it is hoped to keep the country 
clear as far aajoossible of the chief pests whic];i prey upon botton. 

The West Indies. Ihe bulk of the ethton , grown iu the 
West Indian Islands, "principally in St. ^Vincent, Montserrat,^ Bar- 
bados, St. Kitts, etc., is what is known as Sea Island, a di.stinct 
variety ; tlie superfine type froip St. Auncent is the longest and 
finest cotton grown in the world. " AAdtb the rapid ehtrnge that Avas 
3 xpe.rienced in tire cotton trade from a state of great prosperity to 
leep depression, the demand for Sea Island cottOK declined. The 
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will result for a tiilie in some curtailment of the ai’ea under col ton. 
The quantity produced’ is between 4,000 and 5,00f> bales, and is 
quite sufficient to meet the present demand. Most of the pjanta- 
tions are in* the hands of European's, although the peas^^nt growers 
produce quite a fair quantity. An Imperial Agricultural’CoIIcge 
lias recently been established in the West Indies and is rituatcd 
in the IslaJid of Trinidad. The foundation stone of tlie TieAr building 
was laid on 4th January last.. It is anticipated that the wo^k to 
be carried out by this college should be of considerable yalue in 

, ^ ■ -t 

connection with cotton cultivation in all tropical couiTIries. 

Iraq • (Mandated). Experiments which were ’made sliortlw 
after the Armistide by the Agrictdtural Department proved that 
this country offered immense possibilities, the yield per acre in some 
instances being higher than is obtained iir other parts of the world. 
Owing to the small rajinfall, however, cotton will have to be grown 
under irrigation. The soil and climate largely resemble that of 
'Egypt. 'I'he experiments mentioned above indicated’ that a 
variety which has been given the name of “ Mesowhite ” was about 
the most suc’cesvsful. Tl}.e great need of Mesopotamia, however, is 
population. The country :is larger than the United Kingdonr 
and yet its ^people do not nrrmber as many aV those in the \Ve.st 
Riding of Yorkshire. In the winter of 1919-20, the Association 
sent orrt a delegation to that country to investigate the possibilities 
on the spot, the result of which was a decision to commence direct 
'operations and a girmirrg plant was sent hirt and is now working at 
Baghdad. This plant deals with all the cotton at present grown. 
The pr'oduction for 1922-^3 season was 350 bales, and for the present 
season about 1,500 bales. Under the more healthy and secum . 
conditions now being obtained, the population will no doubt 
increase, and with the provision of the i*eceSsary capital for 
development work there is every possibility of obtaining 100,04)0 
bales, which it should lie possible to produce on land provided 
with water from the existing works. But the ultimate 
possibilities of the country with a sound irrigation systtsn and 
a largely increased population are estimated at qne million bales 
aamually. •• 
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a sm%ll ginning plant, but cotton as a commercial crop was not a 
success, m^jjnly owing to the excessive rainfall and to the fact that 
there wire other crops which paid the planters better, principally tea, 
rubber, etc., and consequently the industry wss not persevered with. 
,We have not the slightest doubt that cotton can be grown in Ceylon, 
and at prices ruling to-day it should be a payable proposition, more 
especially as there is^not the ^same keen competition from other 
products. ^ « « 

^ There are also many other places^ where experiments have 
been earned out and where a certain quantity of cotton is gro^vn, 
especially in Cyprus, Malta, Fiji, Palestine, British Guiana, etc. 
In other, spheres the possibilities have not been such as to warrant 
further expenditure and trouble. 'The result of the work to-day 
is thgffc about /)ne-q*aarter of a million bales of cotton are produced 
in the neit fields of the British Empire, and many of the '"types arer 
not only equal to but an improvement on similar types produced in 
America and Egypt. In some colonies cotton-growing''has not been 
attended wfith the' full measure of success ^vhich ,was looked for, 
but in many places its progress and^ expansion has, quite come 
up to expectations, and what is of more importance is the fact 
that the permanency of the industry in those new areas has been 
established, but we want to see the project carried to maturity, 
and that is to have the Erfipire making good am' deficiencies" in our 
raw cotton supply, but new and experimental woidc is of necessity a 
slow' growth. ^ , 

The magnitude' of the task wdiich the ifsscreiation has set out 
to accomplish proved too great, for after all they had certain 
limitations, ahd hs the result of recommendations the Empire 
C-otton Growing' Corporation was formulated, ancl was established 
under* Royal Chatter, dated dst Novelnber, 1921. Under its 
Charter the Co.rpo3?ation will, amongst other functions, have pojver 


) Assist „ in the enlargement and strengthening of the 
Agricultural Departments of the Dependencies and 
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Colollies, and to provide facilities for training 


men 


foi' ]io,sts 'under tliese Departments. 

(2) Estalilisji a bureau for the dissemination of infor«iation 
• on catton-growing and to issue a jonrnfd, containing 
useful information on the subject. - ' 

(.3) U'ndertake d-he marketing of crops \vhere this will prove 
of assistance to the local Governmept. This latter- 
work will doubtless be done in conjunction witjj. the 
British Cotton Growing Association. 

During the war the British and Egyptian Governments con- 
trolled tlie buying and falling of Egyptian cotton, the profit, ^ 
amounting to a large sum. Half of this money was retained *by the 
Eg 5 rptian Government, and of the balance which came to the 
British Government it was decided that one million sterling should 
be handed over to the Empire Gotton Growing Corporation. More- 
over, spinners and manufacturers also approv’ed of, the proposal 
’.of a levVjVhich has been made obligatory on all users and'i ; enforce- 
able by la\y, in terms of an Act of Parliament, which received the 
Royal Assent in July 1923. The Corporation has «Jready got to 
work, having experts 4n South Africa, Australia, Tanganyika and 
Nyasaland, .who are engaged in the production of suitable seed, 
elimination of insect pests, etc. The British Cotton Growing Associa- 
tion retains its separate identity and will work in close co-operation 
with the Corporation, only its chief ’work in the development of new 
areas will be, where necessary, the handling of the cotton when 
grown, which comprises the ginning, baling and marketing of it, and 
attending to its disposal in the home markets. The Association 
will also attend tO the supplying of stores, •bhildings, maclunerf, - 
etc., and in many other directions continue to assist the industry 
for which it has laboured since 1902. « 

In conclusion, it may be stated that the results have been* 
attained' by progressive htages, biat they *liave 'necessitated h. vast ^ 
amount of closely concentrated work and the task has been, no 
light one. Like every other great undertaking, the movement has 
needed the helping hand and sympathetic assisf.ance of H. M.,* 
Government, especially of the Colonial Olice. The Imperial 
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BY 

R. G. LINTON, M.R.O.V.S., 

De'partnient of Hygiene, Royal (DicJc) Veterinary College, Edinburg. 

A MAINTENANCE ration may be described as that which will^ 
keep an animal, that is in’ a resting non-producing condition and 
in good health in the same condition and at the same’ weight for 
an indefinite feriod. A diet which keeps an animal at a constant 
weight and apparently in good ^health for a sliort perio'd is not 
necessarily a true maintenance ration. For, example, certain 
monkeys |cept in confinement in a zoo which are accustoiped under 
natural conditions to a varied diet, including insects and grubs, 
may live fot.a considerable time in confinement on a diet of mixed 
fruits and nuts.'" When eventually these animals die,* post-mortem 
examination not' infrequently reveals a hitherto unsuspected osteo- 
malacia, evidence that the diet has been deficient. It is, therefore, 
to be assumed that long before symptoms of illness became evident 
the animals had been living in a condition of “ half-health,” hence 
one wQjild not be justified in regarding this diet as a maintenance 
ration, notwithstanding the fact that it does maintain life even 
to the extent of several years. ^ ^ ^ ^ ^ 

In connection Avitli'the domesticated animals, in manr cases 
it is very difficult to say what really constitutes, a true basal ration ' 
if it is agreed that the diet must maintain health fet a long and not a 
short period. There are many factors which have to be taken into, 
consideration, any one of wliich, if neglqpted, may tend to lower 
tlie healtli-level of the animaV Every basal ration should be * 
constructed so as to allow for sufficieht exercise, as a certain nuniiftum 
of exercise is ess€?ntial if liealtjb. is to be maintained. The writer, 

* Rejirinted from The Lancet, dated 19th 1924. 
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when feeding oats stained with methylene-blue '’to hor.ses for the 
purpose of determining the rate of passage of food through the 
intestine, found that a few minutes’ walking exercise round a yard 
caused the faeces to be evacuated several hours earlier than when the 
same animals were kept standing tied up in a stall. Dogs accustomed 
to regular exercise, ^nd thus regular evacuation of the rectum and 
bladder, when, kept confined in a cage fail to get rid of their waste 
products as soon as they should, and thus real health is not main- 
tained. It is well knoyn that cattle and hor,?es when conveyed liy 
ship, even for”! short distance, slimy a gain in weight out of propor- 
tion of the amount of food they could have digested. 'This tem- 
porary increase in weight is due to the accumulation of indige.?,tible 
food and waste products in the intestinal tract. This is a very 
importaiit point to keep in mmd when carrying tout feeding experi- 
ments with animals confined in cages, for this delay in evacuation of 
residual matter,, if continued for an appreciable period, is bound to 
have a detrimental effect on the health of the animals. 

■ 

, Requirement's for a ba.sal ration. ' 

The requirements for a proper basal^ ration for animals may 
be summarized as follows: (1) The 'net caloric intake must be 
equivalent to the basal fasting kataboliim, t.igether with an allow- 
ance for the increased metabolism due to the .specific dynamic action 
of the food consumed. (2) It must supply sufficient net energy for 
adequate exercise. (3) Additional metabolisnl’le energy may be 
required simpljy for tbe purpose of sirpplying heat in the case of 
animals where the critical temperature is of- practical importance, 
(i) There must be sufficient protein to equalize nitregen outgo. 
(5) There imist be,sufficient “ coarf e ” food in the ration to open out 
the coirceirtrated food and thus allow the free access of digedive 
jifices. (6) An 'adequate^bulk to the ratiorr is necessary to cause the 
optimum distension of the' stomach and " intestines neces'sary for 
proper digestioir and to give that sense of repletion. Avith out Avhich 
the animal will irot be contented. (7) The proteir and norr-protein 
cc nstituents must be in proper proportiorr the orre to' the other, as 
also must the fat tCT the protein, for the optirrrum digestiorf of the 
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food to take placs. (8) There must be a properly -balanced and 
sufficient mineral supply to ensure a normal ionic 'concentration. 

(9) The food must be suitable for the particular species of aaimal. 

(10) An adequate Tsupply of vitamins is essential, (li) Finally, 

the food in,ust be palatable. ’ 

ISfeglect to study ""the above points Afhen -formulating rations, 
especially when the object of feeding an animal % to conduct a 
feeding experiment, may be the cause of very mi.sleading refnilfe, 
and it should be remembered that wjiilst aninjals possess a consider- 
able flexibility ■’in their capacity to utilize strange and unnatural 
food, this power _^to acquire* tolerance is not unlimited. 

Maintenance requirements op horses and cattle. 

Maintenance requirements of farm animals are solnetimes 
expressed in terms of* net energy, which is ec|uivaient to Kellner’s 
production starch equivalent, or, on the other haiv?, in terms of 
"gross digestible energy, which is equivalent to Armsby’.s metai/olisable 
energy, or the, so-called maintenance stsirch equivalent. The caloric 
value of 1 lb. of metabolisable energy expressed-as starch is 1,710 
kilo-calories (G) ;’ that of A lb. of net energy expfessed as production 
starch equivalent is 1,071 C. ' 

In accordance with our conception of a true basal maintenance 
ration, 'the requirements for the maintenance of a house have been 
studied, by many interested in animal ny.trition. A critical stud}' 
of the investigations* that have been made to this end has been 
provided by ArmsBy in his “ Nutrition of Farm Animals.”^ Annsby 
ac-cepts the tindiug^of ^jUnts and Hagemann,^w]iicit is that for an 
animal weighing 1,000* lb. there is required a total of 11,900 G. 
of metaboli.sable energy made up as follows ■ • , 

Net energy for internal work . . . . . . y ^klUO C. 

Additional re{j[uircTl for heat iiroductioii .. ^ •• 7,800 C.^ 

Total metabolisable eii^gy . . . • .11,900 C. 

'This caloric requirement is not taken to mean the physlelogieal 


minimum but .an economic minimum. 



i Anrfoby, H. P. Nutrition of Farm Anmals, New York, 10.17. * 



642 AGEICULTUEAL JOUENAL OP INDIA, [XIX, V^. 

r 

‘ r . ■ 

In 1917^ I estimated the maintenance requirement for horses 
and, basing my" calculations on a study of fornier investigations and 
on tho' rations given in practice, suggested that a total of 13,000 C. 
of metabolisable energy would meet the demands of a 1,000 lb. 
horse— lhat is, a light draught horse— where the temperature of the 
surrounding air was, not too low, and provided that the ration 
contained sufficient net energy for physiological purposes. It was 
also flissumed that this 13,000 C. would allow for the minimum of 
exercise required to maintain heajth. 

It would appear, however, to be very difficult, if, indeed, it is 
not even impossible, to fix with any hip. degree of accuracy the 
maintenance requirements, of horses and to express tliem in terms 
of calories. This is so for two reasons : first, because there is such 
divergence between the findings: of the various investigators as to 
what ^ constitutes a^ maintenance ration ; and, secondly, because 
we have but rudimentary knowledge of the real caloric vaiue of the 
different foods for these animals, either when fed as single foods 
or in combination, as when a composite diet is giv’en, as.; for example, 
hay, straw and grain. It is well known that the digestibility, and 
hence the net energy,vaiue, of foods varies j>ccordhig to the combina- 
tion in which they are given. 

WTien calculating the rations of horses, it has been commonly 
assumed that the same food has* an equal value for both the rumi- 
nant and the horse, and though Kellner himself says that his 
“ starch values may be applied to both liM's^s and ruminants, 
this is doubtful— at least with a number of foods. Indeed, Arnisby 
gives a much highen, value to some foods'^for-the horse than he 
does for ruminants, so that as some people use Kellner’s figures 
and some Ai-msbyi-'‘s, it is not surprising that conflicting results are 
obtained. 

R we assume -Kellner’s dfiductions 'to be correct 'and that 
6'6„lb. of “ starch ” will satisfy the demands of a resting horse 
weighing 1,000 lb., then 16 lb. of “ good ” quality meadow hay will 


^ K. G, The Mairitena»^ce EetjuirementB of .Horses* Fei. A[>ril 11)17* 
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constitute a raaiilteiiaiioe ration so far as its energy value is con- 
cerned, since this quaiitity of hay has a metabolisable energy of 
12,483 C. and a net energy value of 5,3-55 G. We know in practice 
that 16 lb."of hay is fully as much as an animal of this could eat 
in a day. ^If we refer^fco any published tables of food values* we find 
that, while it is stated that 16 lb. of “ good ” igieadow hay has a net 
energy value of 5,355 C., an equal quantity of very good ” meadow 
hay had a net value of 6,954 0. So that here we have a diifi^rence 
of 1,600 C. in a diet of 16 lb. of hajj, accordii^ig to whether the feeder 
classes it a& good or very good. To illustrate stiTI further what 
confusion- exists regarding*focd values for animals and their appliciJ- 
tion when an attempt is made to construct a diet on •“ scientific ” 
lines, we may refer to an example of a maintenance ration for a 
bullock given by Prof. T. B. Wood in his recently-published 
“Animal Nutrition.”^ On page 169, Wood quotes Kellner’s figure 
for the net energy value of barley straw at 209 C.’per ],b*. and Armsby’s 
■’figure at* 366 C. per lb. Accepting the latter figure wliich, as he 
says, was deteimined much more recently, Wood considers that 
17 lb. of batley straw ,will supply sufficient net energy for the 
maintenance requirements of a 9 cwt. bullock, that is, 6,000 C. of 
net energy.’ (This ration is,'»of course, deficient in protein, as Wood 
points out.) In subsequent pages, when compounding rations 
containing barley straw for bullocl^. Wood makes use of Armsby’s 
figure, but in his table of food 's^lues leaves the agriculturist to 
construct his ration^ from Kellner’s figure, which is the one, rightly 
or wrongly, that ns in general use. What this difierence in values 
means is made clear when it is understood that if Armsby’s figure 
is used, their Ifi'S’lb.-rof barley straw will |5resumably supply t5e 
6,000 calories required, and if Kellner’s be utilized, then no less 
than 28-7 will be necessary. If Aimsby’s ffigdre 'is right, then 
Kellner’s must of necessity be wrong, and as daiiymen have be»n 
in the habit of constructing “ seientific*” rations for theft cows 
from Kellner’^ figures, they will be perturbed* at finding their 
careful calculatio 53 .s liable to so great an error. 


^ Wood, T. B. Anmdl Nutrition, Oanibri(%e» 192-1. 
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Fallacies to be avoided. ^ 

Attentiou is drawn to tlie above simply for tlie purpose of 
emphs-sizing tire danger of utilizing values that are assumed to be 
correct, ^©len we consider still further the gseat variation that 
exists in the' quality of the foods given to aflimals, the divergence 
in views among thosp who have studied aninial nutrition as to the 
energy requiredtior maintenance, the fact that in many instances 
food -values, such as they are, for ruminants are assumed to be 
applicable to the horse and, indeed, even to the pig, and many other 
conflicting assumptions, one is naturally led to ask, 'how is one to 
determine what are maintenance rations <for the vanous domestica- 
ted anunals A It would appear to be necessary before^conducting a 
feeding experiment for the purpose of determining a fine point in 
animal nutrition ■ to find out*' the maintenance requirements for 
each animal for the particular food* used. TJjis can only be done 
by careful and'prolohged experiment. 

Having determined the maintenance requirements of an' 
animal of any given weight, those for other animals pi' the same 
species, but of different weights may be calculated* a|>proximately 
by means of the well known surface law of'^^Rubner. Though, not 
sufficiently accurate for experimental Work, this uretlrod may be 
a,pplied to everyday use provided that it is not ijiterpreted too 
literally. A considerable margn for error must be allo^ved. 
Estimates of the weight of horses are often exaggerated. The 
writer found the weight of British Army horses iy, good hard-working 
condition, not fat, to be as follows : Heavy draiiglrt mules 1,350 lb., 
heavy draught horses 1,300 lb., light draught -horses 1,150 Ib., light 
-draught mules l.lOOlbr, riders frr,st class l,07;>lb.' and riders second 
class 975 lb. The average AVeight of heavy draught horses kejrt in a 
fatter condition tlraridihose in the army is 14 cwt. It is an excop.- 
ti(aial animal that Aveighs over 16 cAvt., though gvnne approach a 
ton in "weight. * „ ' 

-A maintenance ration for horses that in the p/ist fe\\' yoiirs 
has beeii well tested is that laid down by the Ministry of Agricultute 
|or horses exported from this country to 'Europe. Foi' horses of 
the larger type this i^l6-20_^lb. per day, for smaller animals 10^15 lb,, 
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and' for wnall pofiies and asses 5-10 lb. Tbe average weight of these 
animals, excluding sniall ponies, is 11 cwt. Some ’few months ago 
the wwiter had a consignment of 22 horses weighed immediately 
before embarkation and again immediately after disem|)arkation at 
Antwerp. Every ho¥se showed a marked increase in weight, and 
while, as slated before, this increase is in part undoubtedly due to 
incomplete evacuation of the intestinal tract, it ^t least indicates 
that the quantity of hay consumed was not below maintenance 
requirements. 



OBSERVATWNS ON THE FEEDING bP HORSES 
» 0}i LATHYRUS SATIVUS. 

The question of the poisonous properties often ascribed to 
Lathyrus sativu^ (a snaali and son>ewhat three-ccrnered mottled pea) 
bj older writers has recently been •under investigation, not with 
a view to utilizing the grain as animal fohd, but tCrarrive at some 
practical decision as to whether or not a small percentage as an 
adulterant to gram might with safety be allowed in animal rations. 

To arrive at some idea of the percentage of Lathyrus sativus 

if" 

contained normally in gram as purchased and supplied to the Army, 
samples weje obtained from stations covering practically t^ie whole 
of India thesp were carefully hand-picked and the following 
adulterations recorded * 


Station 

Percentage 

Laihyrm 

sativus 


Percentage 
Lathyrus 
sativiu^ : 

Risalpiir . . 

0-05 

Secunderabad . , 


Rawaixjiiidi 


Mhow 

(Hi 

Jubbiilpore 

^ U-05 

1 Ambala 


Jbansi . . 

0*04 

Kirkee . , <n 

0*00 

Nowslicra 

o-ii 

AiJahabad , ^ ■ 

' .3*87 ■ ^ 

^aiTgalore . . . T 

0'22 

# 'V 

Lucknow , 


Delhi . . . . ^ 


MuzatTarporo 

0*05 

Meerut * . . . f. 

•in ■ « : 

0*41 

Quetta 


Lahore 

% 

o 

, % . 

Karachi . . r 



Ilecords available contain no mention of ill 'effects of feed^ig 
gram tMs adulterated to animals. 

Following ouc this, feeding experiments were carried out at 
tlie Station Veteiinrty Hospital, Lucknow, and as it haS' been 

^ ( 646 ) 
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suggested that *‘tlie poisonous properties attributed to LatJiyrus 
saiivws may be due’ to contamination by other-’ small seeds not 
identified, the Z'ai5%fw sa^m<s was cleansed of ail otHef grains 
before iefeding—from 16 mauuds (1,280 lb.) of Latk^ifi saiwus, 
30 lb. of other grains were extracted. • * 

Seven horses tpere selected for the e^xperiment which was 
continued over a period of 35 days. , 

Two horses received 10 lb. Lathfrus sativus per dieiji with 
chaff and hay. ^ ^ ■ 

Two hofses received 5 If;. Lathyrm per diem'^vith 5 lb. bran, 
also ch^ff and hay. <» ’ ’ 

Two horses' received 2 lb. Lathyrus, 4 lb. brain 4 Ih. barley, 
chaff and hay. 

One horse received gradually increasing' quantities of the 
seeds removed from the pea by screening, starting with 

2 oz. four times a dav up to 8 oz. four times* a dav, in addition to 
the ordinary hospital diet. 

It found tliat the animals had consideralble difficulty in 
masticating the grain, {Lathyrus satimis), tiierefor® from the 3rd 
day onwards it was'^iyeh crushed. 

,A11 the animals were'* either ridden or lunged twice a day. 
Temperature, pulse, and respiration of all animals remained 
normal thi'oughout the time they, were under observation. 

The only abnormality noticed was that one horse showed 
inco-ordination movement on the* 17th day w’hich rvas more 
marked on the tollowing day ; afterwards the animal improved and 
became normal although no alteration was made in diet and the 
incident was probably not attributable to* Lathyrus sativus. * • 

As a final experiment aU. animals in hospital received 1 lb. 

. of Lathyrus sativus per diem for 4 days. •Notliing abnormal was * 
noted. . . , ’ • ^ 

Thiese observations are ^of* interest. The evidence hf old^r, 
observers that latliyrism (paralysis) in animals does at times* result 
from feeding Lathyrus sativm cannot be dismissed. 

It may be that the grain is only poisonous 
(i). Under certain conditions of grov^h. 
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(ii) Intermittently as in the case of linsee'cl and mustard 
as "recorded by Major-G-enerar Sir John Moore, 
K.aM.G., K.C.B., F.R.C.V.S., Mr. M. Tudor Hughes, 
^ '^B.Sc., F.R.C.V.S., and Mr. G. T. Dmnne, F."B.aV.S., 
m the “ Veterinary Journal ” of ‘^January 1924, the 
poison im such cases being due tp* a glucoside formed 
undpic certain conditioirs, e.g., fermentation. 

Th.is view appears to be the most likely one and. is supported 
by the fact that the poisonous effects in all these cases are reported 
to be destroyed’uf the grain is boilecl, but this, however, was not 
confirmed in further experiments’ on threg horses receiving daily 
2 lb. of Lathp'us sativus for a period of 2 months alter it had been 
soaked for 12 hours and fermented. 

The results ofdhe experiments lead one to conclude that the 
adulteration of gram as normally supplied to jthe Army in India 
can be ignored far^as it is likely to produce any all effects on 
animals. [W. H. Walkeb, Lt.-Col., R.A.V.C.] 

■ r . Sj? ' 

, f' 

r- ' 

UNITED PROVINCES POULTRY ASSOCIATION. 

r r- 

Although the model farm of the ‘United Provinces Popltry 
Association at Lucknow was to a large extent wrecked by the 
devastating floods of September >923, which involred the ren'toval 
of the entire stock of 4.50 birds to very cramped t[iuu'tor‘s foiyover 
a month just at the time vhen the breeding pens had been nuited 
for the season, the financial aspect of its worknrg,"a.s disclosed in 
the fourth annual report for 1923-24, was Cjuite satisfactory, Tire 
gt'oss receipts of Rs. 9,513 riot only covered '‘the actual working 
of the farm but alp provided the salary of Rs. 300 per month 
pakl to the farm manager wliich, if the farm wei-e a private concern, - 
yould be profit to the onprer-manager. When it as remembered 
.that the farm carries only a hundthd,head of breeding stock, thej'e 
will I'^maiu no doubt that there is scope for reliable commercirJ 
poultry farms in the country. 

r irhe educatiorfal side of the Association’s work has largely 
developed pud is by?m m^gns confined to the United. Provinces 
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only. Tlie winter claeses for students are well attended, and 
during the year undef report over a dozen lads \me fully trained 
in poultry farming. The success of the annual egg-laying com- 
petition apd all-India show has created so much ini:;^i^t in the 
countryside that poultry shows have become promment features 
of various agricultufkl fairs held in the prov|nce, and at the Etah 
Exhibition as many as 2,000 birds were ofier<jd last year for 
competition. It is also gratifying to know that many Indian 
zemindars are openmg poultry farms on their own acceuut with 
the foundation stock supplied^by the Lucknow fa^tn, and there is 
a growiitg demand, for trained managers. Although considerable 
.stimulus has been given to this valuable cottage industr/ by the 
activities of the Association during the last four years, much 
remains to be done, and it is to be hoped that tire Association with 
its energetic Secretary will get a fresh lease of life when the 
experimental period terminates this year. 

❖ 

, AMERICAN CGTTOM SITUATION. . 

“ The Manc:Pes'5.er Guardian Commercial ” of 2Ist August, 
1924,^ has issued its second 'Rnnual review of American cotton. The 
progress and prospects of the new cotton crop are very fully consi- 
dered, special attention being padd to the part played by tl.e 
weather and the Boll -weevil. Methods of fighting pests, as well as 
methods of cultivation, fertilization and marketing are dealt with 
in so much detaM that the supplement provides a ’valuable guide to 
cotton-growers in the^Gnited States as well as in the new fields. 

Mr. W. G. Heed in reviewing the paSt 'season writes : — 
season is closing with sufficient cotton on hapd to meet present 
jequirements, and with the whole cotton traide 'amdously following 
new crop prospects. There are grave fears that tte early movement 
will not be sufficient to provide .cotton for the increased •demand 
expected froiy. spinning mills. The carry-over k) the new season is 
more than half , a million bales smaller than that of a year ago, 
which at that time wat thought to be lower than was consistent;* 
with ^safety. The trade, however, has madfeged to get through 
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anotlier year of approacliing famine, but only because of sharp 
reductions in consumption ; with the impo^dng trade which many 
compefce|it observers expect in the early fall sup|)lies of cotton \yill 
be little more than adequate ; the size of the new, crop, which was 
considere(f*^.prime importance a year ago, r is of even greater 
moment this year, and until an adequate crop is assured nervous 
markets must be,expecteH,*and a cloud no b’gger than a man’s 
hand ig. the southern skies will crowd telegraphs and cables with 
messages cd hope or fear to the spinners of the world. 

Mr. C. T. Re’^ere, of the New York Cotton Exchange,- comments 
on* the new crop as follows The two Cg,rolinas each promise a 
shorter crop than last season. Xorth Carolina has -'suffered from a 
late start that was complicated by too much rain ih June and 
early .July.. The situation there "has improved considerably of late, 
but the production probably ivill fall considerablj below last season, 
with fair indications "for a minimum of 800,000 bales. South 
Carolina is ih somewhat the same position as its nortliern ne%hbour. 
The Piedmont districts have done fairly Arell, but there ha? been too 
much rain elsewhere xmtil recently. The Stpbte might ran close to 
800,000 bales, but a fairly safe minimum, barring unusual weevil 
damage not now indicated, would be TOOcOOO bales. 

Georgia, in my opinion, -will furnish one of the surprises of tlie 
crop season. Though some estim^ites are for a yield of 1,000,000 
bales, it would not be siuprising if the State came closer to 1,500,000 
bales, remarkable as such a" recovery may appear. The absence 
of heavy weevil damage furnishes the explanation. ^Alabama stands 
a chance of raising about as large a crop as tyro years ago, as weevil 
daifTage so far has been Comparatively slight. "Mississippi, it would 
seem from current mports, should go well above 1,000,000 bales, 
and might easily reach 1,200,000. Tennessee is problematical,^ 
although .300,000" bales is apparently a reasonable minimum. 
^Louisiarfa has sufiered from heavy drought, but has escaped the 
weevil damage that'-has caused such" havoc for a hunaber of yea^s. 
No guess’^ could be made as to its prospects. Arkansas may fall 
a^ low as 800, 000 but there are some ver}" good judges of crop 
conditions in that StSte who estimate the yield at 1,000,000 to 
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1,200,000. Oldabonia lias scored a remarkable recovers, witli 
excellent prospects for a yield above 1,000,000 bales. Tlie far 
western States of Irizona, New Mexico, and California alj have 
prospects for the largest crops in their history. 

As to Texas, Angust will have to tell the story .^Anything 
can happen there, bnt some portions of the ^State aheady have a 
fairly large crop made in well-developed bolls. T!^s is particularly 
true of the Red River section of North Texas and in portigns of 
West Texas. South-west Texas has had rather too much rain. 
West Texas* has had no such drought as prevailed c^er that district 
last season, though the, benefits accruing from scattered showers, 
rangmg from one- third of an inch to two inches, represent a question 
open to controversy. 

Mr. G. W. Rooshe, ivriting on the influence of weather on the 
jdeld, reports that ^oll-Aveevif emergence this season has proved 
strildngly light as compared with other mote recent yeiJrs. It 
■’ may also be noted, in this connection, that infestation up to the 
middle of July was exceedingly hght in practically the whole of the 
cotton-prodticing area. ^ Too much rain has fallen in the Carolinas 
and Georgia, and.there is fear that, if these ate unduly prolonged, 
the foundation may be'^aid for rapid spread 'of these pests. But, 
taking the remamder of the belt, rainfall during the thirty or forty 
days, prior to mid- July proved exceedingly light. Furthermore, 
with the exception of a few days of cool weather romid the fourth 
of the current month, temperatures hive been abnormally high. 
Even in ■ June ''temperatures ranging from 10(7 to 112 degrees 
maximum prevailed ovm' the greater portion of Texas and Oklahoma, 
while maxima, of OT toOS appeared in the cent* arvalley States and tlia 
south-east. The heavy rains in the South Atlantic States are keeping 
j;emperatures comparatively low there, but ‘they are above the 
seasonal average in all the remainder of the cotton-producing area*. 

Prevalence of the'se high f^mpe’atures*is tending to keep 
infestation dqwn’to pretty small proportions. ‘At the same time, 
absence of anytjiing beyond widely scattered showers il* making 
it possible fhr planting "interests, equipped to do .so, to use calcium 
arsenate and other poisons with a very high dtegree of effectiveness. 
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Tints witli the possible exception of Xorth, Carolina, South Caro- 
lina, and Georgia, where some increase in infestation is reported, 
there i^ ground for the hope that weevil nmy prove far dess 
numerous^d far less destractive than in any recent year.--- Already 
reports are coming in from Louisiana, Arkansas, and Mississippi 
to the effect that, in the absence of weevil of importance, more 
fmitage has already been taken on by the plants than came to 
matui^ty during the preceding season. 

The supply of poison for combating the Boll-weevil is dealt 
with by Miss B. M. Miller of the Xational Bank oh Commerce in 
Xew York. During 1923, she" writes, ^bout 31, 000,00d pounds 
of calcfum arsenate were consumed in the United States. Part 

r 

of this was used in order to combat the army worm, instead of the 
weevil. The Standing Comnlittee on Arsenic estimated that 
1,674,000 acres of cotton, or 4 A pef cent, of, the total American 
acreage, was treated.'’ Early in 1924 it was stated by the Commit- 
tee that if the price of calcium arsenate should remain low*^ through 
the current season— that is, below 13‘5 cents per poimd, f. o. b. 
factory — its use this season might double, possible cbnsumption 
being estimated at from 65,000,000 to 75,000, QOO-pounds. Th’s 
amount would treat nearly 4,000,000 acres, or 10 per eent. of the 
total acreage planted to cotton. Calcium arsenate was quoted 
on July 25th at 9 cents per pour, Xeiv York. Some sections now 
report that 10 per cent, of the total acreage maj'’ be dusted with 
calcium arsenate, but it is probable that the^ percentage for the 
cottoir belt as a rvhole will be materially lower. The ineffectiveness 
of calcium arsenate in w^et weather and the lai^e measure of control 
ex'erted by heat and Sunshine, whether or not 'calcium arsenate 
is applied, tend to retard the rapid extension of its use. 

m ■ r- ■ A 

m-.' 

^ ■■■■ 5^ ' 

A ^ ^ ^ ^ 

PEACE AND PB0GRESS OF ^GRICULTORAL FOPIILATION. 

The following ''has been received from the Tresident of tjlie 
International Institute of Agriculture, Rome : — 

^ The seventh meeting of the General Assembly of the Interna- 
tional Institute of Agriculture took place on May 25th last,- when 
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on the motion of the J^reneh Government the follo^hng resolution 
was passed unanimoTisly : — 

“The General Assembly ’ 

being of opinion d^hat farmers in all countries reprSSsnt one 
of the eleihents that^ make for peace as between peoples ; that 
order, tranquility and continuity in daily' wo^k are the essential 
factors in agricultural prosperity and progress and thus the source 
of the well-being of Nations ; • 

that the,rpaintenanee of the idea of peace is mdispensable to 
the order ^nd tranquility of the peoples; * 

that farmers are among those who are most chiefly interested 
in the suppression of the dangers as well as of the horrors and 
disasters of war ; - , 

considering that the International Institute of Agriculture was 
founded, according to the generous sentiment of. His Majesty 
,Victor-Emmanuel III, King of Italy, in order that it might become 
a means of^ promoting solidarity among all fanners' and 'thereby 
a powerful iiistrument of peace, resolvhs — 

(1) to request the^a3.hering States to establish among Agricul- 

tural Associations and 'Soc4eties an active propaganda for the 
encouragement among farmers of the idea of agricultural progress 
which is indissolubly connected with peaceful development in 
international relations ; ’ 

(2) ' to instruct the Permanent Committee to enter into com- 

munication with hfie’ various Governments in order, in agreement 
with them, to discover the best practical methods for influencing 
public opinion througljout the world, basing this propaganda 
the necessity for the order, tranquillity’ and peace of the agricultural 
population in each country.” ’ . • • 

The General Assembly wishes emphatically to testify to the 
keen desire of the representatives ,^of world agriculture, of «vhom 
the Institute is in hhe internatidhal sphere the chief representative 
organ, to see the agricultural classes in all countries take aK’active 
part in a pacific movement calculated to enhance the well-being 
and happiness of mankind, and to the pleasuie with which they 
would welcome such action. , 


7 
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Tlie General Assembly of the Institute, considered that it 
could best express its sentiments by adopting as, its own the generous 
resolution proposed by the French Delegation. 

In giiffmuuicating this resolution by the present letter I would 
ask you to be so good as to take steps to bring its purport to the 
notice of the agricuitunal. classes in your country pending such 
action as the I%rmanent Committee may adopt with a view to 
giving it successful efiect. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 

MEETINGS AND CONFERENCES, ETC.. ^ 

■ . ■» ■ 

* 

■■■", % . ■ •' 

T)e. F. J. F. Shaw, I). Sc., A.R.G.S., F.L.S., lias lieen appgiiited 
to officiate as Jznperial Economic Botanist from 25tli Augiifit, 1924% 

■ V 

Mia. k Y. Isaac, B.A., D.LC., M.Sc., F.E.S., Second Entomo- 
logist -(.Diptesist), Pusa, has been granted leav'e on average pay 

for one month and 24 days from 30,th October, 1924. 

. ' ' '*■ 

. ■ ■ ^ ■■ 

Mr-. Y. F.^ Main,' B. Sc., 0%. Director of A^-rieuh-ure, Bombay, 

» has been* granted leave on average pay for six months ahd 24 days 
from date pf relief by Dr. H. H. Mann. , * 

« ^ Hi 

Sardar Gi S'. CHe-^ma, M.Sc., Horticultprist to Government, 
Bomlvry, Fas been granted’leave on average pay for seven months 
and 20 days from 1st April, 1925, Mr. H. P. Paranjpye officiating. 

Me. Ritdoleh D. Anstbad, M.A», Director of Agriculture, 
Madras, has beeii granted leave on average pay i'or eight months 
from 20th March, 1 925 . 

. , - , , , , t ■ ■ 

Mr. G. ,R. Hit.son, B.Sc., Cotton Specialist^ Madras, has been 
granted combined leave for eight months Irom the date of his 
relief as 0%, Secretary, Indian Central Qotton Committee. * . 

^ ^ • 

** ■ ^ :^e ■ ■ , . , ■ % 

Mr. P. H. ^ama Reddi, M.A., B.Sc., Deputy Director of 
Agriculture, Mil Circle, "Madras, has been grantect leave on average* 
pav fctt sixpveeks, Mr. T. B. Nayudu officiating. 
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Dr. H. M. Leake, Sc.D., M.A., Director of Agriculture, United 
Provinces, has 'been granted combined leave for one year, three 
month* and 30 days from 22nd August, 1924, in continuation of 
the leavm^ready granted to him. ^ 

Rai Sahib PaStdit - Nand Kishore ShaRma, Divisional 
Superintendent *bf Agriculture, Bundelkhand Circle, has been 
appointed to officiate as Deputy Director of Agriculture, Central 
Circle, Cawnpoj;e, vice Mr. T. R. 'Low granted leave for one month. 

Mb. R. .L. Sethi, M.Sc., Economic Botanist' to Government, 
United Provinces, was on leave on average pay for one month 
from 11th September, 1924, M'r. T. S. Sabnis, M.Sc., officiating. 

. ^ . 

■ e' ■ ' 'r . . ^ 

Mr. H. W. 'Stewart, Agricultural Engineer, Bihar and Orissa, ^ 
was on le'ave on average pay for 12 days from 14th to 25th October, 
1924. 

Sardar Darshah Singh, M.R.A.C., Deputy Directpr ef 
Agriculture, II Circle, Punjab, was on leave on average pay for 
three months and 16 days frpm 15th June, 1924, Choivlhiiry 
Mohammad Abdulla officiating. 

r 

A Sporting College. 

Tlie College of 'Agriculture, Poona, is niarlfed for its sporting 
spirit. A most striking proof of this was given by its successes 
in the recent Pooila kitef-collegiate sports. These sports are held 
ilnriiually in September and this (1924) is their fourth year. There 
are three Arts and Science Colleges, one Engineering College and 
one Jjaw College in^Poona, in addition to the College of Agriculture. 
Of thesif six, the College of Agriculture is the smallest, numbering 
173 students against over 1,000 of the 'biggest, tile Eergusson 
College. In spite o»? this, the College of Agriculture this year 
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carried ofi tlie Hdividual Championship and came second among 
the colleges for the^ College Championship. This almost equalled 
the tsollege record in 1920, when the College of Agriculture tarried 
off both Ilidividual and College Championships. In current 
year the Ppllege of Agriculture annexed in all twelve trophies, 
including both the fltst and second pri^eg in boxing, which, was 
introduced for the first time. His Excellency thi? Right Hon’ble 
Sir Leslie Orme Wilson, P.C., G.C.I.E., C.M.G., D.S.O.^ifi the 
course of his speech at the end oj’ the gathering, said thlit, while 
the College df Agriculture might be small in numbers^ it amply made 
up for th3,t by ^the enthusiasm with which it supported its athletic 
representatives. 





Birds an •“Indian Garden. — ^By T. Bai^beigge Pbetchee, 
R.N., P.L.S.. B^E.8., P.zi. : and C. M. Inglis' M.B.O.U.. 
P.E.S., P.ZfS. In five parts with thirty coloured plates a.iid 
iMiinerous illustrations in the text. (Calcutta and Simla: 
Thacker, Spiirk & po.) Pri^e, Rs. 2 per part. 

T'he series*of papers dealing wjth some of the 'urore ctuniuou 
0*1' our Indian birds, which has 1)6611 appearing in this Jcurual I'oi- 
the lasif five years and which will close with this issue, has attriuted 
considerable notice, and to meet the insistent demand for their 
republication in book form, Messrs. Thacker, Spink c% Clo. ha\'(^ 
been authorized to bring out this volume ipider a new title to 
avoid confusio!:^ with works of similar titles by other author.^. 
In the original issue we were compelled to publish the articles 
without any regard to systematic order as the plates wei'er-completed. 
In re-issuing the sejies, however, the opportunity has' lieen t:i.ken 
to re-arrange the papers, to amend the nomeiXclatui'e in accordance 
with Mr. Stuart-Baker’s Hand-list of'' Indian Birds, and ajso to 
add some black-and-white illustrations. This is the first book on 
Indian birds in ivhich the commo,ner species have been so lieauiifully 
illustrated, and without doubt much of the popularity which these 
papers have attained during their appearance in h^iis Journal has been 
due to the excellmit series of plates printed from M;-. Inglis’s original 
paintings, it is hoped that this publicatiov will not only be helpful 
dn'^enabling the non-oJnithological reader t« becoiin' acijuainted 
with and take de^p interest in bird-life, but will also proN'ide tiie 
teachers hi our secondary schools with a text foi' a braiu-h of .Vatuie 
stfldy which is hound to ^appeal to their pupils. , 

, Tlie first, part Vhich has Kslready been published f'outa,ius 
platf'S aivd descripCions of the Jungle Crow, the* 1 iyuse-Crow. ,th(' 
Jungh-Babbler, the Red- vented Bulbul and thc^Black Drongo or 
,,Kmg Crow. It is proposed to bring out subsetiiicur ihirt.s ar short 
intervals.. 
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MEW BOOKS 


ON AGRIOUjiyrURB AND ALLIED SU^GTS 

• • • 

# 

1. Crops and Fruits, by J. B. Ainswortli-Davis. (The Resgurces 

of the Empire Series, Vol. I, Pt. 1.) Pp. 144. (XTondon*: 
Ernest*Benn, Ltd.) Price, 21.?. net. ♦ 

2. Meat, Fisb and Daifv Produce, by J. R. Ainswortli-Davis. 

•(The Resources of the Empire Series, Vol. IE) Pp. 104. 
(London : Ernest Benn, Ltd.) Price, 21?. net. 

' . . . * • 

3. Cotton in Australia : The. possibilities and the limitations of 

Australia as a cotton-growing country ; contayiing numerous 
ilhistrations and graphs, together with data relating to the 
Australian Climate, Rainfall,* Temperature,^ 8otl AnMyses and 
Cost ‘of. Production, by Richal’d Harding. Pp, xviii -4-270. 
(London.: Longmans, Green & Co.) Price, 12?. 6f7. net. 

'f. gibbet, Tea and CacacP, with special sections on Coffee, Spices 
and Tobacco, by W. A. Maclaren. (The Resources of the 

* Empire Series, Vol. V.) Pp. 334. (London : Ernest Benn, 

^ Ltd.) Price, 21?. net. 

5. Outlines of Ftingi and Plant Diseases ; fgr student.s and 
practitioners of Agriculture and Horticulture, by F. T. 
Bennett. Pp. • 566. (London : Mamnillan & Co.) Pri<;;e, 
7?. Qd. * • 

g. Plant Alkaloids, by T. A. Henr\h Second* edition. Pp. 

viii4-456-;[-8 plates. (London : J. & A. Churchill.) Price, 

-28?.. net. • . * *• , • 

. • . * 

7. * The Detetmination of Hydrogen Ions, by W. Mansfield Clark. 

Second edition. ^ Pp. 480-1-42 figs. (Baltimore : MTjlUa ms ^ 
and Wilkins Co.) Price, |5*o0. 

* ( 659 ) 



660 


AGRICULTURAL JOURNAL OF INDIA 


[KlX VI. 


f' ' 

The following publications have, been issued- by fiiie Imp'erial 
Departnaent of r^griculture in India since our last issue 

r , ' ■ 'nr 

« Memoirs. 

■ r 

1. The ??i^ali Disease of Coconuts in Malabar^ by S. Sundararaman, 

M.A. ; and T. S. Eamakrishnan, B.i.. (Botanical Series, 
Vol. XIII^ No.'4.)* Trice, As. 12 or Is. 

2. S^me Digestibility Trials on Indian Feeding Stuffs, by P. E. 

' " Lender, M. A., p.Sc., Pandit Lai Chand 

Dharmani, L.Ag. (ChemicqJ Series, Vol. 'Vil, No. 4.) 

" Price, As. 12 or Is. ' , * 

3. Papers bn Indian Tabanidai, by P. V. Isaac, B.A., D.I.C., 

M.Sc., F.E.S. ; Two Drpsophilidae from Coimbatore and A 
NeV Aphidiphagous Fly, by d- E- Malloch ; Notes on Indian 
,Odonata in the Pusa Collection, by Major F. C. Fraser, 
I.MB. ;*^@n New and Old Oriental Cicindelid8e,n by Dr. ^ 
W-altheftHorn. (Entomological Series, Vol. VIII, Nos. 3-9.) 
Price, E. 1-4 or 2s. ' ; 

, Bulletin. »■ ' 

4. Tamarind as a Source of Alcohol and Tartaric Acid, by fe. N. 

Batham, M.A. ; and L. S. Nigam, L.Ag. (Pusa Bulletin 
No. 153.) Price,' As. 3 or' 4d. 

f 

f Miscellaneous. , 

5. Catalogue of Indian Insects. Pt. 4— Trypetida? (Trypaneidse), 

by E. Senior- Wnite, E.E.S.,^ ^ F.E.S.T.M.&H. Price, As. 8 
or 9d. 



